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AS AVIATION FUEL COMPONENTS 
By Henry c. Barnett 

SUMMARY 

The results of a NACA investigation conducted over a period 
of several years to evaluate the antiknock characteristics of or- 
ganic compounds are summarized. Included are data for 18 branched 
paraffins and olefins# 27 aromatics# and 22 ethers. 

The factors of performance investigated were blending charac- 
teristics# temperature sensitivity, lead response# and relation 
between molecular structure and antiknock ratings . Four engines 



were used in these studies. 
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INTROBUCTION 

Improvements in aircraft power plants during the past 30 years 
have resulted in. demands for fuels of increasingly higher antiknock 
performance. This trend has necessitated a thorough investigation of 
possible high-antiknock compounds that may or may not occur natur al 3 y 
in petroleum. The task of surveying an endless procession of possible 
fuel -blending agents has fallen to the petroleum industry and inter- 
ested research groups. Through the combined efforts of the organi- 
zations concerned, a large quantity of data has been amassed. These 
data permit an accurate appraisal of the merits of many chemical 
compounds heretofore given little more than cursory consideration as 
fuel -blending agents. 

As a participant in this field of research, the NACA in 1937 
sponsored a project by the National Bureau of Standards for the prepa- 
ration of 1-liter quantities of selected paraffins and olefins. The 
engine evaluation of the antiknock qualities of these compounds was 
first conducted under the sponsorship of the American Petroleum 
Institute (API) and the results of this work have been reported by 
Lovell (reference l). In addition, the 'API has sponsored a synthesis 
program conducted at the laboratories of Ohio State University. All 
these programs have been continued up to the present and were aug- 
mented during 1942-47 by additional synthesis and engine evaluation 
at the NACA Lewis laboratory. 
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The synthesis project at the National Bureau of Standards has 
been devoted to compounds in the paraffinic and olefinic classes; the 
synthesis project at the NACA Lewis laboratory has been devoted to 
compounds in the aromatic and ether classes; and the synthesis program 
at Ohio State University has been devoted to compounds in these and 
other classes. 

The engine evaluation of pure compounds sponsored by the API was 
conducted in laboratories of the General Motors Corporation and the 
Ethyl Corporation. The engine evaluation of blends reported herein 
was conducted at the NACA Lewis laboratory. 

Ee suits of the NACA study of paraffins, olefins, aromatics, and 
ethers are published in a number of reports (references 2 to 14); 
each report contains data for several compounds on factors such as 
blending characteristics, temperature sensitivity, lead response, and 
relation between molecular structure and antiknock ratings. No 
effort has been made, however, to prepare an integrated report cover- 
ing the findings of these investigations. The data contained in 
references 2 to 14 are therefore summarized and the effect of the 
molecular structure of fuels on antiknock performance is shown 


herein. 
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ENGINES AND IXEEKMENTAL CONDITIONS 

The engine evaluation of the antiknock characteristics of 

• * 

organic compounds was conducted in four test engines: (l) a 

CNR engine conforming to specifications for the A.S.T.M. Aviation 
method (D 614-47 T) for rating fuels; (2) CNR engine conforming to 
specifications for the A.S.T.M. Supercharge method (D 909-47 T) 
for rating fuels; (3) an engine having a displacement of 17.6 cubic 
inches (about half that of a CNR engine) and popularly known as the 
17,6 engine; and (4) a full-scale air-cooled aircraft cylinder'* 
mounted on a CUE crankcase. 

The 17.6 and A.S.T.M. Supercharge engines were equipped with 
dual fuel systems, one line for the "warm-up fuel" and one for the_ 
test fuel. Knocking was detected in both engines by means of a 
cathode -ray oscilloscope in conjunction with a magnetostriction 
pickup unit. 

The full-scale single -cylinder test engine was fitted with 
baffles and cooling air was directed toward the cylinder in order to 
simulate cooling conditions in flight. Further details of the full- 
scale installation are given in reference 2. 
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Pertinent operating conditions for the various engines are pre- 
sented in table I . The 17 . 6 engine was operated at two inlet -air 
temperatures , 100° and 250° F, in order to obtain an indication of 
the sensitivity of fuels to changes in temperature. When the inl et - 
air temperature was varied, all other conditions were held the same 
as shown in table I. 

The conditions shown in table I for the A-S.T.M. Aviation and 
A.S.T.M. Supercharge engines are standard for these engines when 
antiknock ratings are being determined. As indicated in table I, 
the A.S.T.M. Aviation engine is a nonsuper charged engine in which 
the compression ratio is varied in order to determine the knock 
limit of a given fuel at a lean fuel -air ratio with 8.1,1 conditions 
other than compression ratio held reasonably constant. On the other 
hand, the A.S.T.M. Supercharge' engine is operated with all conditions 
except inlet -air pressure and fuel -air ratio held constant. Knock 
limits are determined by varying the manifold pressure until knocking 
occurs. Although the fuel -air ratio can be varied for this engine, 
antiknock ratings are made at a rich fuel -air ratio, usually 
about 0.11. The A.S.T.M. Aviation method (lean ratings) may thus 
be indicative of fuel performance at cruise conditions; whereas the 
A.S.T.M. Supercharge method (rich ratings) may be indicative of 
take-off performance. 
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The full-scale engine conditions -were proposed "by the Coordi- 
nating Research Council in an effort to standardize full-scale 
single -cylinder experimental engine operation throughout the country. 
During the early stages of the NACA investigation, fuels were inves- 
tigated in the full-scale single -cylinder engine (quantity permit- 
ting) , "but these methods were later abandoned when it became appar- 
ent that the small-scale engine adequately described the fuel per- 
formance . 


COMPOUNDS INVESTIGATED 

The compounds investigated included 13 branched paraffins, 

5 branched olefins, 27 aromatics, and 22 ethers. The paraffins and 
olefins examined were in the C g to Cg molecular -weight range,* the 
aromatics were in the C g to C^ 2 range; and the ethers were in the 
C ^ to C^ range. 

The individual compounds, together with physical properties 
determined by the National Bureau of Standards or the NACA Lewis 
laboratory, are listed in table H. 
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HASH! FOELS 

Inasmuch as limited quantities of the compounds were available, 
all tests were conducted on blends rather than on the pure compou nd - 
By this procedure., considerable information could be obtained with 
a relatively small quantity of a given compound- The pure fuels 
were investigated in blends with two base fuels,, one of which was 
S -reference fuel. The other was a blend of 85 percent (by volume) 
S-reference fuel and 15 percent M-reference fuel. This blend con- 
tained 4.0 ml TEL per gallon. For all practical purposes, S-reference 
fuel is pure isooctane and M-reference fuel is a straight-run stock 
of about 20 octane number (A-S.T.M. Motor method). Use of this base 
blend was discontinued during the investigation and a blend of 

87 -• percent S-reference fuel and 12— percent n-heptane was substi- 
tuted. This blend, too, contained 4.0 ml TEL per gallon. 

The performance rating of the leaded blend of 3- and M-reference 
fuels was about 113/108, whereas the rating of the leaded blend of 
S-reference fuel and n-heptane was about 120/ll2. 
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EEESENIAIIOU OF DATA 

The antiknock performance data for all "blends and "base fuels 
are presented in tables IH to 2. In many cases the performance 
values have "been adjusted to compensate for differences in the "base 
blend used. (See section entitled "Base Fuels.") Where these 
adjustments have been made, the values will obviously disagree with 
values reported in references 2 to 14 j however, for the purposes 
herein, the data as a whole have been placed on a more uniform 
basis . 

The previously mentioned adjustments , in effect, permit treat- 
ment of the data as if only two base fuels had been used, namely, 
isooctane (leaded and unleaded) and a leaded blend of isooctane and 
n-heptane . 
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* 

BESULTS AKD DISCUSSION 

Eolation Between Molecular Structure and. 

Antiknock Characteristics 

A large part of past research relating to molecular structure 
and. antiknock "behavior has "been summarized, "by Lovell (reference l) 
and. "by Lovell and. Campbell (reference 16). In both of these investi- 
gations, an attempt was made to secure generalizations that would 
assist in the prediction of relative antiknock values from molecular 
structures. The past studies have on the whole been very success - 
• ful in this respect. As this particular phase of fuel research has 

progressed, however, the basic knowledge of engine performance has 
advanced; consequently, exceptions to these generalizations can and 
do exist by virtue of differences in engines and engine operating 
, conditions. That is, the relative antiknock characteristics of a 
given group of fuels can be changed considerably by altering the 
engine or experimental conditions. 
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As a result, the concept of "severe" and "mild" engine con- 
ditions has been devised as an aid in evaluating the merits of dif- 
ferent fuels. A severe condition is one in which controlled con- 
ditions such as inlet -air temperature, coolant temperature, com- 
pression ratio, spark advance, and engine speed combine in their 
effects to make a fuel knock more readily. (See reference 17.) 

In reference 14, the various engine operating conditions used in the 
NACA investigation of ethers are alined into a relative order of 
severity. This same order of severity is used in the present 
discussion and is presented in table XI. 

Because of this so-called severity concept, any statement to 
the effect that one fuel performs better than another fuel has little 
significance unless it is true for all operating conditions or 
restricted to one operating condition. For this reason, the emphasis 
in an investigation of the type reported herein must be placed upon 
the trends in the relation between structure and knock rating that 
appear to apply under most conditions. 
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Paraffins . - Data were obtained for 13 paraffinic hydrocarbons 
in leaded blends with the mixed base fuel. Inasmuch, as the quantities 
of hydrocarbon were somewhat limited, all the paraffins were com- 
pared only at the 25 percent (by volume) concentration level and 
only at standard A.S.T.M. Aviation and A.S.T.M. Supercharge conditions 
(table 111(a)). The data for these blends are shown in figure 1. 

These - figures illustrate the relation between molecular structure 
and antiknock performance for the paraffins investigated. The lines 
Joining the various data points are shown merely to define the paths 
followed by compounds in an homologous series. An increase of one 
carbon atom on the abscissa of these figures is equivalent to a 
molecular -weight increase equal to the molecular weight of a CHg 
group . 

At the A.S.T.M. Aviation conditions (fig. 1(a)), seven of the 
paraffinic hydrocarbons raised the knock-limited performance of the 
base fuel. The increases varied between 2 and 15 performance numbers 
with 2,2,3-trimethylbutane (triptane) having the highest rating. 

This result indicates that under severe conditions , represented by 
the A.S.T.M. Aviation (lean) method, triptane has outstanding 


antiknock characteristics. 
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Insofar as the effect of molecular structure on antiknock 
characteristics is concerned, three trends have "been emphasized 
(references 1 and 16) . The first trend is concerned with central- 
ization of the molecule. For example, 2,2,3,3-tetramethylbutane is 
a more centralized or compact molecule than 2,2,3-trimethylpentane 
and should therefore have a higher antiknock rating. The second treru 
shows the effect of adding methyl (CHg) groups to a molecule in order 
to form successive members of an homologous series. The addition of 
a methyl group to increase the branching tends to produce a compound 
having a higher antiknock rating; however, the position in which the 
group is added to the molecule will influence the rating of the new 
compound. This effect based, on A.S.T.M. Aviation antiknock ratings 
for the blends examined in the present investigation is illustrated 


as follows: 
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C C 
1 \ 

C -C -C -C.-C( performance number, 130 ) 

/ J 

C c / c c 

M /II 

C~C-C-C-C( performance number, 118) — > C-C-C-C-C( performance number, 124) 

\ ; 

\ C C C 

* 11 ! 

C-C-C-C-C( performance number , 122) 

The third trend is concerned with the increase in length of a carbon 
side chain or the primary carbon chain of a molecule. The effect of 
such an addition is to decrease the antiknock rating as illustrated by 
the following examples: 

C 

I 

c c c c c c 

II I III 

C -C -C ~C -C( performance number, 122) — >C-C-C -C-C( performance number, 115) 
C C C C 

II I .1 

C-C-C-C( performance number, 129) > C-C-C-C -C( performance number, 118) 

In general the trends reported in references 1 and 16 and dis- 
cussed in the preceding paragraph (fig. 1(a)) appear to be valid at 
mild or moderate engine operating conditions. At severe operating 
conditions, however, exceptions do occur as regards centralization 
of the molecule or increased branching in the molecule. 
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At the A.S.T.M. Supercharge conditions , which, as indicated in 
table XI, are of moderate severity, the NACA data (fig. 1(h)) agree 
substantially with the results found by Lovell (reference l). 

In this case (fig. 1(b)), 12 of the 13 paraffinic hydrocarbons Inves- 
tigated raised the knock -limited performance of the base fuel; the 
increases were in the range of 2 to 44 perfor m a n ce numbers . The 
antiknock rating of the blend containing 2,2,3,3-tetramethylpentane 
was the highest obtained and the triptane blend was next. 

In order to illustrate the fact that Increased centralization 
of the molecule does not always result In high antiknock values , the 
A.S.T.M. Aviation ratings are plotted against the A.S.T.M. Supercharge 
ratings for five nonanes blended with the mixed base fuel in 
figure 2. If, in this figure, 2,2,3,3-tetramethylpentane Is considered 
the most compact molecule and 2,2,4,4-tetramethylpentane the least 
compact, then It is apparent (because the correlating line has a 
negative slope) that Increasing compactness may improve antiknock 
performance under one set of conditions and depreciate antiknock 
performance at other conditions. 

As previously mentioned, the addition of methyl groups, that is, 
increased branching, does not always result in improved performance* 
This fact is illustrated by the following A.S.T.M. Aviation ratings: 
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C C C 
( ! 1 

C -C -C -C -C( performance number, 122 X 


C C C 

I I 1 

„C-C-C-C-C( performance number, 118) 

I 

C 

c c c 

„ 1 1 1 , 

C-C-C-C-CC performance number, 110) 

I 

C 


It is emphasized, however, that these exceptions appear to exist at 
severe operating conditions as exemplified by the A.S.T.M. Aviation 
engine . 

Olefins. - Five olefins were examined in leaded blends with the 
mixed base fuel at standard A.S.T M. Aviation and A.S.T.M. Supercharge 
conditions (table 111(a)). The concentration of olefin in each blend 
was 25 percent by volume . 

The data obtained are somewhat limited insofar as the relation 
between molecular structure and antiknock value is concerned; however , 
comparisons can be made with references 1 and 16 to determine further 
the consistency of trends noted by previous investigators. Lovell 
(reference l) found that for branched aliphatic compounds if the 
parent paraffin hydrocarbon had a high antiknock value the intro- 
duction of a double bond would decrease the antiknock value. This 
trend is supported by the following data from the present investi- 
gation ( table 3H( a) ) : 
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Performam 
25 -perci 

se number of 
snt blend 8. 


Performance number of 
25 -percent blend 8. 

Paraffin 

A.S.T.M. 

Aviation 

A.S.T.M. 

Supercharge 

Olefin 

A.S.T.M. 

Aviation 

A.S.T.M. 

Supercharge 

C C 



C C 



f 1 

c-c-c-c-c 

c c c 
1 1 1 

118 

114 

1 ! 

c-c=c-c-c 

c c c 
1 1 1 

100 

117 

1 1 1 

c-c-c-c-c 
c c 

1 I 

122 

132 

1 1 1 

c-c=c-c-c 

c c 
1 1 

101 

104 

1 1 

c-c-c-c-c 

1 

c 

130 

141 

1 1 

c-c=c-c-c 

i 

c 

106 

108 


a All blends were leaded to 4 ml TEL /gal. 

In the foregoing examples, the double bond in the olefin appeared in 
the 2 position and, with one exception, the ratings for the olefins 
are lower than those of the corresponding paraffins. The one 
exception is shown for the A.S.T.M. Supercharge ratings of 
2,3-dimethylpentane and 2 , 3-dimethyl-2 -pentene where the olefin has 
an antiknock rating three performance numbers higher than the 
paraffin. 
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Of the fire olefins investigated only two, 2,4,4 -trims thyl -1 - 
pentene and 2.,4 ,4-trimethyl -2 -pentene , indicate the effect of the 
position of the double "bond on antiknock perfonaan.ee. For the 
engines and the conditions examined (tables ill( a) and 711(a)) 
the ratings of these two compounds appear to be the same at the 
more severe conditions. At milder conditions, the 2,4,4-trimethyl- 
2 -pentene has lower ratings than 2,4,4 - trims thyl -1 -pentene This 

trend is contrary to the trend found for straight -chain olefins 
but is in agreement with data for branched -chain olefins 
(reference l). 

Ar^na tics . - The most complete set of antiknock performance 
data obtained in the present investigation resulted from engine 
studies made with 27 aromatic hydrocarbons in blends with selected 
base fuels. On the basis of these data, the relations between 
molecular structure and antiknock value and the influence of engine 
operating conditions on these relations for the arcanatics can be 
readily seen. 
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The relation between structure and antiloiock performance for a 
series of n-alkylbenzenes at a lean fuel -air ratio is shown in 
figure 3(a) . In this figure it was necessary to use performance 
numbers for the A.S.T.M. Aviation engine, inasmuch as knock -limited 
indicated mean effective pressures are not measured on this engine . 

The first three carbon atoms added to the side chains of the aromatic 
compounds successively increased the blend knock limits. The addition 
of a fourth carbon atom to the side chain caused a sharp drop in per- 
formance at the full-scale single -cylinder cruise condition and a 
slight drop in the A.S.T.M. Aviation engine. 


/ 3#8 
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More specifically, the data in figure 3(a) indicate that for the 
full-scale single -cylinder cruise condition the 25 -percent "benzene 
blend has a knock limit 20 percent higher than the base fuel; toluene 
is 28 percent higher; ethylbenzene, 35 percent higher; n-propylbenzene, 
47 percent higher; whereas, n-butylbenzene is only 11 percent better 
than the base fuel. At the other experimental conditions (fig. 3(a)), 
the trends are the same but the magnitude of the increases is less. 

In fact, under simulated full-scale take-off conditions the benzene 
blend is lower in performance than the base fuel, which is represented 
by the ratio 1.0. In the A.S.T.M. Aviation engine, the base fuel has 
a performance number of 120 and, with the exception of n-propylbenzene, 
all the aromatic blends have performance numbers lower than 120. This 
depreciation in performance is characteristic of aromatics at con- 
ditions as severe as those encountered in the A.S.T.M. Aviation engine. 
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Figure 3(13) is similar to figure 3(a) except that the fuel -air 
ratio is rich and the A.S.T.M. Supercharge (rich) rating method has 
replaced the A.S.T.M. Aviation (lean) rating method. The trends 
shown are somewhat different from those in figure 3( a) , but the 
similarity between the A.S.T.M. Supercharge data and the full-scale 
data is apparent. At the conditions investigated, the first addition 
of a carbon atom to the benzene ring produces a sharp improvement in 
performance; the next addition results in a decrease except for 
the A.S.T.M. Supercharge data, which are unchanged; the next addition 
slightly increases the performance; and the addition of the fourth 
carbon atom, to the side chain results in a very sharp decrease in 
knock limit, as found at the lean conditions (fig. 3(a)). 

The change in performance accompanying changes in molecular 
weight in an homologous series is illustrated in figures 3(a) and 3(b). 
The effect of different isomeric structures on performance when the 
molecular weight is unchanged is shown in figure 3(c). For this 
example, the four butylbenzenes , n-butylbenzene , isobutylbenzene , 
sec -butylbenzene , and tert -butylbenzene , were chosen. At the two 
17.6 engine conditions and the A.S.T.M. Aviation condition, changing 
from the normal to the iso, the secondary, and the tertiary structures 
progressively improves the performance. Under simulated full-scale 
cruise conditions, the isobutylbenzene is slightly better than the 
sec -butylbenzene , but the small difference in antiknock value is 


probably insignificant. 



NACA EM E50H02 


21 


Data for the four butylbenzenes at a rich fuel -air ratio are 
presented in figure 3(d) . The trends shown in this figure are s imil ar 
to those found in figure 3(c). 

Generally speaking., in figures 3(a) to 3(d), the tre nds in per- 
formance of the aromatic "blends in the standard A.S.T.M. Aviation and 
A.S.T.M. Supercharge engines were similar to those in the other engines. 
This similarity among engines , however, is not always observed over' 
wide ranges of operating conditions. Nevertheless, the comparison 
of performance characteristics of the organic compounds throughout 
the remainder of this report will he based primarily upon the A.S.T.M. 
Aviation and A.S.T.M. Supercharge engine data because these data were 
obtained in engines currently accepted as standards for rating fuelB. 

The knock-limited performance of dimethylbenzenes (xylenes) is 
illustrated in figure 3(e). In both engines, the 1,3-dimethylbenzene 
blend gave higher performance than either 1,2- or 1,4-dimethylbenzene. 
The 1,4-dimethylbenzene has an antiknock rating only slightly less 
than that of 1,3-dimethylbenzene but still considerably higher than 
that of 1,2-dimethylbenzene. 

The trends shown in figure 3(f) for the methylethylbenzenes are 
the same as those shown in figure 3(e) for the dimethylbenzenes; 
that is, 1 -methyl -3 -ethylbenzene is appreciably better than 
1-methyl -2-ethylbenzene and slightly better than the 1 -methyl - 
4-ethylbenzene . A similar result was obtained for the diethylbenzenes 
(fig. 3(g)). 
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The antiknock performance of di -substituted compounds is illus- 
trated in figures 3(e) to 3(g). Figure 3(h) illustrates antiknock 
trends for tri -substituted compounds. The 1,2,4-trimethylbenzene 
blend has a slightly higher knock limit than the 1,2,3-trimethylbenzene 
blend in the A.S.T.M. Supercharge engine but has a slightly lower 
knock limit in the A.S.T.M. Aviation engine. The 1,3,5- 
trimethylbenzene is considerably better than either of the other 
trimethylbenzenes . 

The relative antiknock characteristics of all the aromatic 
hydrocarbons examined are presented in figure 3(i) at A.S.T.M. 

Aviation lean conditions. About 15 aromatics improved the knock- 
limited performance of the base fuel. These particular blends fall 
within a range about seven performance numbers above the base 
fuel. From, these data at lean conditions, 1,3,5 -trimethylbenzene 
and tert-butylbenzene appear to be the most , desirable aromatics in 
the 25 -percent blends Investigated. 
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She aromatic blends are compared at A.S.T.M. Supercharge rich 
conditions in figure 3( j) . In contrast to the A.S.T.M. Aviation 
data (fig. 3( i) ) , the 25 -percent additions of aromatics to the base 
fuel caused considerable improvement in A.S.T.M. Supercharge per- 
formance, from a performance number of 112 for the base fuel to 

about 176 *for the best aromatic. These results are consistent with 
• , 

results obtained by other investigators in that aromatics in fuel 
blends generally offer considerable advantage at rich fuel-air ratios 
but only moderate improvement or even depreciation at lean fuel -air 
ratios under severe operating conditions. The lj 3,5 -trimethylbenzene 
and tert -butylbenzene blends , which have good antiknock character- 
istics at A.S.T.M. Aviation conditions (fig. 3(i)), were still 
relatively high in performance at rich conditions (fig. 3( j) ) but 
were exceeded by other aromatics. Among these high-performance 
aromatics were 1, 3-dimethyl -5 -ethylbenzene, 1 -methyl-3, 5 - 
diethylbenzene, 1 -methyl -4 -tert -butylbenzene , and 1,3,5- 
triethylbenzene . 
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In the aromatic data just discussed, only one trend appears 
worthy of mention, namely, that meta structural arrangements are equal 
to or slightly "better than para arrangements in antiknock performance 
and both arrangements are Considerably better than the ortho struc- 
tural arrangement. In one case (fig. 3 ( J) ) , however, the para arrange 
ment was better than the meta arrangement as shown by comparison of 
1 -methyl -3- tert -butylbenzene and 1 -methyl -4 - tert -butylb enzene . Essen- 
tially the same trend is reported in reference 1 for the relation 
among ortho, meta, and para compounds. 

For the paraffins (fig. l) increasing the length of the primary 
carbon chain resulted in a decrease in the antiknock performance; 
however, for the aromatics (figs. 3(a) and 3(b)), an increase in 
length of a carbon side chain is beneficial up to a certain point, 
but further additions to the side chain are detrimental to the 


antiknock performance. 
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Ethers . - The antiknock characteristics of three alkyl ethers 
are illustrated in figures 4(a) and 4(h) for lean and rich fuel -air 
ratios., respectively. At lean conditions (fig. 4(a)) in the A.S.T.M. 
Aviation engine, isopropyl tert -butyl ether was appreciably higher 
in antiknock value than either methyl or ethyl tert -butyl ether. 

Ethyl tert -butyl ether appears to be slightly higher than methyl 
tert -butyl ether in this engine. In the 17.6 engine (fig. 4(a)) 
at both conditions, the results obtained for the three alkyl ethers 
were directly opposite to those found in the A.S.T.M. Aviation engine. 
Methyl tert-butyl ether was equal to or better than ethyl tert -butyl 
ether and both were appreciably better than isopropyl tert -butyl ether. 
This trend was found also at the rich conditions shown in figure 4(b). 

The antiknock characteristics of five phenyl alkyl ethers are 
shown in figure 4(c). In both engines methyl phenyl ether* and 
tert -butyl phenyl ether gave the lowest performance numbers. The 
remaining three ethers were about equal in performance in both engines. 
A comparison of figures 4(a) and 4(c) shows that the phenyl alkyl 
ethers investigated have considerably poorer antiknock character- 
istics than do the tert-butyl alkyl ethers at A.S.T.M. Aviation 


conditions. 
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The effects of ortho, meta, and para structural arrangements 
on the antiknock performance of phenyl alkyl ethers are illustrated 
in figure 4(d). The basic ether for this particular example is 
methyl phenyl ether (anisole), which, is shown on the left side of 
the figure. The addition of a carbon atom to the benzene ring to 
form o-methylanisole caused a decrease in performance. Adding a 
carbon atom in the meta or para position to form m -methyl a.ni sole 
and p-methylanisole slightly increased the antiknock performance. 

In each engine, m-methylanisole and p,-methylanIsole were about 
equal in performance number and both were considerably better than 
o-methylanisole. This result was similar to that obtained for the 
aromatics (figs. 3(e) to 3(g)). 

Several ethers containing olefinlc radicals are shown in 
figure 4(e). Isopropyl methallyl ether and tert -butyl methallyl 
ether blends had the highest performance numbers of this group of 
compounds and phenyl methallyl ether the lowest. At A.S.T.M. 
Aviation and A.S.T.M. Supercharge conditions, phenyl methallyl 
ether was the poorest of the 22 ethers examined. 

Hydrogenating the benzene nucleus of anisole to give methyl 
cyclohexyl ether is shown in figure 4(f) to produce a large drop in 
performance number. Of the three methyl cycloalkyl ethers shown, 
all of which were relatively low, methyl cyclopropyl ether was the 
highest at A.S.T.M. Supercharge conditions and methyl cyclopentyl 
ether was highest at A.S.T.M. Aviation conditions. 


/3¥g 
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The relative antiknock characteristics of all the ethers in- 
vestigated. are presented in figure 4(g) at A.S.T.M. Aviation (lean) 
conditions. Under these conditions only the three tert - butyl alkyl 
ethers raised the knock limit of the base fuels. The maximum 
improvement in performance number was 29 and was obtained with 
isopropyl tert -butyl ether. 

The antiknock characteristics of all the ethers investigated 
are compared in figure 4(h) at A.S.T.M. Supercharge rich conditions. 
Twelve of the ethers improved the performance of the base fuel; the 
greatest increase in knock -limited performance , about 63 perfor manc e 
numbers# was obtained with methyl tert -butyl ether. Comparison of 
figures 4(g) and 4(h) clearly shows that nine of the phenyl alkyl 
ethers have much better antiknock characteristics at rich mixtures 
than at lean mixtures. It is also apparent that the methyl cyclo alky l 
ethers show little promise as antiknock blending agents at the A.S.T.M. 
Aviation and A.S.T.M. Supercharge conditions. 
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Comparison of claaaes of compounds. - As a matter of interest , 
the isomers haring the highest antiknock ratings in figures 1, 

3( i ) ; 3(j), 4(g), and 4(h) hare "been plotted in figure 5. The per- 
formance numbers hare been plotted against boiling points in order 
to illustrate the most promising antiknock compounds in the boiling 
range of commercial gasolines. Comparison of the curves in figure 5 
is not strictly ralid, inasmuch as all the isomers in a giren group 
of compounds hare not been studied. Within the limitations of the 
investigation, however, these two figures do illustrate how the 
antiknock characteristics of the better paraffins, aromatics, and 
ethers compare. 

By assuming the boiling range of aviation gasoline to be 

100° to 338° F, it is seen (fig. 5(a)) that for A.S.T.M. Aviation 

lean conditions the C q and C paraffins hare the highest per- 

o 6 

formance numbers in the boiling range from 80° to 120° F. In the 

o o 

boiling range between 130 and about 300 F, the ethers hare the 
highest performance numbers. Above 300° F the highest performance 
numbers were obtained with the aromatic blends. 

At A.S.T-M. Supercharge conditions (fig. 5(b)), the paraffin 
blends had the highest performance numbers in the range of boiling 
temperatures from 80° to 120° F. Above 120° F the ethers had the 
highest antiknock ratings up to a boiling temperature of 220° F. 

At higher boiling temperatures the aromatics exhibited superior 
antiknock characteristics. 
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Blending Characteristics 

In the preceding section, the discussion of structural trends 
was based on studies in which 25 percent of a given compound was 
blended with a selected base fuel. On the basis of such studies, it 
can be concluded that one compound is better than another or that all 
compounds aline themselves in an order of antiknock performance that 
is influenced by engine operating conditions. This situation is 
complicated, however, in that the relative order of antiknock value 
of a series of compounds at a fixed engine condition is influenced 
by the concentration of the compound in the blends upon which such 
an investigation is based. In other words, one compound could be 
better than another if both were compared in 25 -percent blends but 
the reverse could be true if both were compared in 50 -percent blends. 

Blending characteristics of various potential aviation-fuel 
blending agents have been the subject of considerable investigation. 

A portion of the more recent findings in such studies is reported in 
references 18 to 21. The results of these investigations show con- 
clusively that compounds differ radically in their blending behavior 
as regards antiknock performance. 

In order to extend the current knowledge of blending character- 
istics of fuels, data obtained in the present investigation are 
discussed in the succeeding paragraphs. 
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Paraffins . - The blending characteristics of paraffinic fuels at 
rich fuel -air ratios may be expressed by the following equation: 
(references 18 and 19): 



where 

knock -limited indicated mean effective pressure of blend 

P ,P ,P , . . .hnooh -limited indicated mean effective pressures of 
1 * 3 components 1 , 2 , 3 ,..., respectively 

N- . . .mass fractions of components 1,2,3,..., respectively, 

■ L * 5 in blend 

The application of this equation to data in the present in- 
vestigation is illustrated in figure 6(a) for the A.S.T.M. Supercharge 
engine. The ordinate of this figure is a reciprocal scale and the 
abscissa is linear. For the fuels shown, 2,2,3, 4 - tetramethylpentane , 

2 ,3,3,4-tetramethylpentane, and 2,2,3-trimethylbutane, the blending 
relation with the base fuel is linear up to a concentration of 
50 -percent added paraffin. Enoch -limited indicated mean effective 
pressures (fig. 6(a)) for 2, 2, 3, 4 -tetramethylpentane and 2, 3,3,4- 
tetramethylpentane are from reference 12. Similar data for 2,2,3- 
trimethylbutane are from reference 11. 
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Although, data for these fuels at lean, fuel -air ratios are not 
shown herein, an examination of such data indicated that the blending 
relation is nonlinear. The authors of reference 18 attribute this 
fact to the variation of the end gas temperature frcm one blend to 
another. That is , for a system, in which a paraffinic blending agent 
is blended with a paraffinic base stock, the relation between the 
reciprocal of the knock -limited performance and the composition will 
be linear if the end gas temperature , or a wall temperature closely 
related to the end gas temperature, is held constant for each blend 
tested. 

Olefins . - Blending data for two olefins (reference 12) are shown 
in figure 6(b) for the A.S.T.M. Supercharge engine operating at a 
rich fuel -air ratio. In this case, olefinic blending agents are 
blended with a paraffinic base fuel and the resulting relation between 
the reciprocal of the knock-limited performance and composition is 
nonlinear. The blending equation (l) is based upon one assumption, 
that for the equation to apply the blends should be tested at a 
constant percentage of excess of fuel or air. The differences 
between stoichiometric fuel -air ratios for olefins and paraffins, 
however, do not appear sufficiently great to explain the nonlinearity 
of this blending curve. 
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Aromatics . - The "blending relations for the aromatic hydrocarbons 
(fig. 6(c)), like those of the olefins (fig. 6(b)), were found to be 
nonlinear in the A.S.T.M. Supercharge engine at rich mixtures. With 
the exception of 1 ,2 -dime thy lbenzene and 1,2,4-trimethylbenzene, al 1 
the aromatics increased the knock-limited performance of the "Base 
fuel at the concentration investigated. 

It has previously been mentioned that the concentration level 
at which compounds are examined may have considerable effect on the 
relative order of antiknock rating, as shown in figure 6(c) for 
isopropylbenzene. For example, a blend of 50 percent by volume of 
isopropylbenzene has the second highest antiknock rating of the 
aromatics investigated; at concentrations below 35 percent by volume, 
however, the performance of isopropylbenzene is exceeded by that 
of 1,3 -dime thylbenzene, 1,3 -diethylbenzene, 1 -ethyl -4 -methy lbenzene, 
and n-propylbenzene . 

This result can perhaps be seen a little more clearly in 
figure 7(b), in which the blending data for the A.S.T.M. Supercharge 
engine are illustrated by a bar chart. The hydrocarbons are listed 
on this chart in order of decreasing antiknock rating, as determined 
by the 50-percent blends. At lower concentrations, however, the bars 
indicate a different order of rating . 
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At A.S.T.M. Aviation conditions (fig. 7(a)), the variation of 
knock-limited performance with composition was found to "be different 
from, that .obtained at A.S.T.M. Supercharge conditions (figs. 6(c) and 
7(h)). For example, the data presented in figure 7(a) indicate that 
the knock-limited performance of the base fuel is decreased as the 
concentration of aromatic is increased. Moreover, in figure 7(a) 
the aromatics do not rate in the same order at all concentrations. 

Ethers . - Blending data for six ethers determined at A.S.T.M. 
Supercharge conditions are shown in figure 8(b) . Methyl tert -butyl 
ether and ethyl tert -butyl ether have the highest antiknock char- 
acteristics of the six ethers at all concentrations. Isopropyl 
tert -butyl ether is also better than the three aromatic ethers at 
a concentration of 50 percent; however, at concentrations below 
about 20 percent isopropyl tert - butyl ether is lower than any of 
the other ethers. 

The ethers shown in figure 8(b), like the olefins and aromatics, 
do not follow the reciprocal blending relation defined by equation (l) 
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The blending relations for the ethers in figure 8(h) were 
investigated at A.S.T.M. Aviation conditions and the results obtain- 
ed are presented in figure 8(a). At these conditions, the three 
tert -butyl alkyl ethers all improved the knock -limited perfor man ce 
of the base fuel,; the improvement became greater as concentration was 
increased. On the other hand, the three aromatic ethers decreased 
the performance of the base fuel; the decrease became greater as the 
concentration was increased. 

Temperature Sensitivity 

In order to determine the effects of changes of inlet -air tem- 
perature on knock-limited performance, most of the hydrocarbons and 
ethers were evaluated in the 17.6 engine 1 at inlet-air temperatures 
of 100° and 250° E. These tests were made with each compound in 
20-percent-by- volume blends with isooctane. The final blends were 
evaluated at both temperatures in the unleaded state and with 
4 ml TEL per gallon. (See tables V and VI, respectively. ) The 
greatest portion of the temperature -sensitivity studies of this inves 
tigation were conducted on blends with isooctane. A few experiments, 
however, were made in which the compounds were blended with the mixed 
base fuel . ( See table VII . ) 
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She term "temperature sensitivity" has "been, given several 
definitions "by investigators in the field of fuel research; however, 
none of these definitions has been wholly satisfactory. Perhaps the 
data offering the most scientific approach to such a definition are 
reported in references 17 and 22 to 24 , but the emphasis in these 
references is placed upon engine severity rather than the more 
restricted idea of temperature sensitivity; that is, engine severity 
is a more inclusive term that considers other factors of engine per- 
formance such as c empress ion ratio, spark advance, engine speed, and 
cooling, as well as inlet -air temperature. 



36 


NACA EM E5QH02 


Considerable experimental data are required in order to evaluate 

fully the engine severity as described in references 17 and 22 to 24 

and in most cases during the present investigation the available 

quantities of the pure fuels were too small for extensive studies. 

For this reason, the sensitivity studies of these fuels to cha ng es of 

engine conditions were restricted merely to measurements of the effect 

of inlet-air temperature on knock-limited performance. In so doing it 

was necessary to establish arbitrarily a definition for temperature 

sensitivity. This term is defined by the following equations 

Relative knock -limited imen of blend (inlet air at 100° F) 

temperatures £aoc3c -limited imen of base fuel (inlet air at 100 b F) 

sensitivitv" ^ook-limited itnet of blend (inlet air at 250 VJ F) 

y knock-limited imep of base fuel (inlet air at 250 s F) 

The term "relative” is used in this definition inasmuch as the equation 
essentially describes the temperature sensitivity of the blend relative 
to that of the base fuel. This definition is the same as that used in 
references 5 to 11 and 13. The base fuels used in this study were 
paraffins and do not show high temperature sensitivity. 


f&s 
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Temperature sensitivities computed tty this equation for all the 
compounds in the present investigation are presented in table YHI. 

In the discussion of temperature sensitivity in the following para- 
graphs and in the subsequent discussion of lead susceptibility , it 
should be remembered that the data were obtained over a long period of 
time and reproducibility errors therefore exist. Although no exten- 
sive reproducibility data were obtained, a few such runs indicated that 
’relative temperature sensitivities computed bjr the equation and rela- 
tive lead susceptibilities computed by a similar equation may be in 
error by + 0.05. 

Paraffins . - The temperature sensitivities of unleaded and leaded 
paraffinic fuel blends in the 17.6 engine at two fuel -air ratios are 
compared in figure 9(a) and 9(b). Of the paraffinic ble ndi ng agents 
investigated (references 12 and 13), the three nonanes 2, 3,3,4- 
t etramethylpentane , 2,2,3 , 4-tetramethylpentane , and 2 , 2 , 3 , 3 - 
tetramethylpentane appear to be most sensitive to c hang es of inlet -air 
temperature at the lean fuel-air ratio in unleaded blends (fig. 9(a)-). 
At the rich fuel -air ratio, however, the differences in temperature 
sensitivities among the paraffins are small. 
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In figures 9(a) and 9(b), the paraffins are listed in the same 
order. Inspection of these plots illustrates that tetraethyl lead 
affects temperature sensitivity. For example, in figure 9(a) and 
9(b) the order of temperature sensitivities of the various paraffins 
are obviously' different at both fuel -air ratios. 

As previously mentioned, a few of the compounds in this inves- 
tigation were examined in blends with the mixed base fuel. In the in- 
vestigation of reference 13, paraffinic and olefinic blending agents 
in blends with the mixed base fuel were subjected to variations of 
compression ratio. By computing these data in the m a n ner explained in 
references 23 and 24, it is possible to compare over a reasonably wide 
range the influence of engine severity on knock -limited performance . 
This effect is determined by computation of ccmpression-air densities 
and compression temperatures at the knock limit; the main assumption 
is that these factors are related in scans manner to end -gas densities 
and temperatures that cannot be directly measured ( reference 17 ) • The 
ccmpression-air densities and temperatures are calculated by the 
following equations: 


p - Mr-l). 
nV d 

(2) 

T = t r^ 7-1 ^ 

(3) 
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Where 

p compression -air density, pound per cubic inch. 

A intake -air flow, pound per minute 

r compression ratio 

n intake cycles per minute 

T d engine displacement Yolume, cubic inches 

T compression-air temperature , °R 

Tq intake -air temperature, °R 

7 ratio of specific heat of charge at constant pressure to that 
at constant volume (assumed to be 1.4) 

Although the data in reference 13 were determined by varying the 
compression ratio, it is apparent from the equation of compression 
temperature that the effect of varying the compression ratio is 
equivalent to that of varying the intake -air temperature. 

The sensitivities of two paraffinic fuels (reference 13) are 
shown in figures 10(a) and 10(b) at two fuel -air ratios in a modi- 
fied A.S.T.M. Supercharge engine. The two paraffin blends are more 
sensitive than the base fuel to changes of compression ratio or 
intake -air temperature, as indicated by the slopes of the curves in 
figures 10(a) and 10(b). The two paraffin blends had lower knock 
limits than the base fuel at severe conditions (high compression 
temperatures) , but higher limits at mild conditions (low compression 
temperatures ) . 
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Olefins . - Plots similar to those in figures 10(a) and 10(h) are 
shown in figures 10(c) and 10(d) for three olefins in h lends with the 
mixed base fuel (reference 13). At both fuel -air ratios, the three 
olefin blends were more sensitive to change of engine severity than 
the base fuel. At the severe conditions the three olefin blends had 
lower knock limits than did the base fuel, but at milder conditions 
the olefin blends had higher knock limits. 

Aromatics . - The temperature sensitivities of aromatic blends 
determined in the 17.6 engine are shown in fig vires 9(c) and 9(d). 

The aromatics are listed in figure 9(c) in the order of decreasing 
sensitivity at the rich fuel -air ratio. As in the case of paraffins 
(figs. 9(a) and 9(b)), the sensitivities were inconsistent from one 
fuel -air ratio to another. Moreover, the sensitivities were influenced 
by tetraethyl.. lead. 

The most sensitive aromatics at the rich fuel -air ratio 
(fig. 9(c)) were 1,3-dimethylbenzene, 1 -methyl -4 -isopropylbenzene , 
and tert -butylbenzene j whereas at the lean fuel -air ratio, a number of 
aromatics had high sensitivities. In leaded blends (fig. 9(d)), the 
differences in relative temperature sensitivity among the aromatics 
were not great at the rich fuel-air ratio, but at a lean fuel-air 
ratio appreciable differences occurred. At the lean fuel -air ratio, 
a number of the aromatics had sensitivities 20 to 25 percent greater 
than the sensitivity of the base fuel. 
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It; has "been shown herein that 1,3,5 -trimethylbenzene and 
tert -butylbenzene had higher performance numbers than the other 
aromatics investigated at the lean condition of the A.S.T.M. 

Aviation method (fig. 3(i)). For this reason the temperature sensi- 
tivities of these two aromatics are of particular interest. These 
two aromatics in unleaded "blends have temperature sensitivities eq.ua! 
to or greater than sensitivities of the other aromatics investigated 
at the lean fuel -air ratio (fig. 9(c)). On the other hand, the leaded 
"blends shown in figure 9(d) indicate that the temperature sensitivity 
of tert -"butylhenzene is reduced considerably, whereas 1,3,5- 
trimethylhenzene is still q.uite sensitive. 

Similarly, among the better aromatics at A.S.T.M. Supercharge 
conditions (fig. 3(3)) were 1,3 -dimethyl -5 -ethylbenzene, 1 -methyl-3, 5- 
diethylbenzene , 1 -methyl -4 - tert -but. ylbenzene , and 1,3,5 -triethylbenzene. 
As indicated in figure 9(c) for unleaded blends at a rich fuel -air 
ratio, these four aromatics show only moderate temperature sensitivity 
varying between 1.0 and 1.05. In leaded blends (fig. 9(d)) and at a 
rich fuel -air ratio, the four aromatics still exhibited only moderate 
temperature sensitivity varying between 1.0 and 1.05. 
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Compression-air density temperature relations were determined 
for several aromatics and are reported in reference 10. The relation 
obtained for three of the aromatics is presented in figures 10(e) and 
10(f) in order to illustrate the nature of the results. As indicated 
by the slopes of the curves in these figures, the sensitivities of 
the aromatic blends are somewhat greater than the sensitivity of the 
base fuel. 

Ethers . - Temperature sensitivities determined for six ethers 
are show in figures 9(e) and 9(f). The ethers (unleaded blends) are 
listed in figure 9(e) in the order of decreasing sensitivity at the 
rich fuel -air ratio (0.11); at this fuel -air ratio the three ar om atic 
ethers appear to be more sensitive to temperature changes than do 
the tert -butyl alkyl ethers, with the possible exception of methyl 
tert -butyl ether. At the lean fuel -air ratio (0.065), anisole appears 
to be the most sensitive of the ethers; however, with consideration 
for the estimated reproducibility of these data there may be little 
real difference in the sensitivities of the six ethers shown. 

In leaded blends (fig. 9(f)), the aromatic ethers are perhaps 
more temperature -sensitive than the tert -butyl alkyl ethers with 
the possible exception of methyl tert -butyl ether at the lean fuel- 
air ratio. At the rich fuel -air ratio, anisole and £ -me t hylani sole 
show the highest sensitivities; however , the experimental accuracy 
may minimize the apparent differences shown on the figures. 


/3VS 
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Comparison of classes of compounds . - The temperature sensi- 
tivities of the various classes of compounds are compared in figure 11. 
The procedure used in preparing these plots was the same as that used 
for figure 5. 

In figure 11 at two fuel -air ratios, the low-toiling ethers have 
the greatest temperature sensitivities in the toiling range of 100° 
to 175° F. Above 175° F the aromatics are more sensitive than the 
other classes examined. In the toiling ra n ge from 300°'to 350° F, 
however, the ethers have temperature sensitivities camparatle to those 
of the aromatics. 

Lead Susceptibility 

Lead susceptibilities of the various organic compounds inves- 
tigated were determined in the 17.6 engine by comparing unleaded blends 

(20 percent by volume) with blends containing 4 ml TEL per gallon. 

o o 

Data were obtained at two inlet -air temperatures, 100 and 250 F. 

( See table IX . ) 
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Lead susceptibility, or lead response, is usually defined as 

the increase in octane number or power output resulting from the 

addition of a given quantity of tetraethyl lead to a fuel. For the 

present investigation, however, lead susceptibility is expressed in 

a manne r similar to that used for temperature sensitivity: 

krio'ck -limited imen of blend + 4 ml PEL /cal 
Eelative lead _knock -li mited im e-p of base fuel + 4 ml TEX/aal 
susceptibility knock -limited ime-p of blend + 0 ml TEL /gal’ 

knock -limited imep of base fuel + 0 ml KEL^gal 

As in the foregoing discussion of temperature sensitivity, the 
estimated accuracy of these ratios is about +0.05. 

Paraffins. - The lead susceptibilities of six paraffinic blends 
are shown in figures 12(a) and 12(b). In figure 12(a) (inlet -air 
temperature, 100° F), the fuels are arranged in order of decreasing 
response at the rich mixture. At this condition 2, 4-dimethyl - 
3-ethylpentane exhibits the greatest susceptibility to tetraethyl 
lead, but at the lean fuel -air ratio 2,3-dimethylpentane, 2,2,3- 
trimethylbutane , and 2,2,3,4-tetramethylpentane have the best 
response. The lead susceptibility is appreciably influenced by 


fuel -air ratio. 
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In figure 12(b) (inlet-air temperature, 250° F) , the fuels are 
listed in the same order as that of figure 12(a), "but little or no 
difference in lead susceptibility is apparent at the rich f riel -air 
ratio except in the case of 2,2,3-trimethylbutane. At the lean 
fuel -air ratio, 2,2,3 ,4-tetramethylpentane and 2, 3,3,4- 
tetramethylpentane had the highest lead susceptibilities. 

Olefins. - A limited amount of data was obtained in the 17.6 
engine to show the lead susceptibility of olefins in 20-percent- 
by -volume blends with isooctane. (See table IX(a).) For convenience, 
a portion of these data is summarized in the following table: 


Olefin 


2 , 3-d±raethyl-2 -pentene 

2.3.4 - trlmethyl -2 -pentene 

3.4.4 - trimethyl-2 - pentene 


Lead susceptibility 
of 20 -percent olefinic 
blends relative to 
isooctane 


Inlet -air temperature 

(°k) 

250 

100 

Fuel -air rat; 

Lo 

0.065 

0.11 

0.065 

o.u 

0.95 

1.00 

1.00 

0.95 

1.05 

1.05 

1.05 

1.05 

1.00 

1.00 

1.05 

1.00 
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Aromatics . - In figures 12(c) and 12(d), the lead susceptibilities 
of aromatic blends are shown. The blends in figure 12(c) are listed 
in order of decreasing response at the rich fuel -air ratio. At this 
ratio, the data indicate that 1 -methyl -4 -ethylbenzene is the aromatic 
most susceptible to additions of tetraethyl lead. This particular 
aromatic also had the greatest response at the lean fuel -air ratio. 

From figures 12(c) and 12(d) lead susceptibility is obviously 
affected by fuel -air ratio. 

At the higher inlet-air temperature (fig. 12(d)), the trend in 
lead susceptibility differs from that observed at 100° F (fig. 12(c)) 
for the aromatics. For the rich fuel -air ratio (fig.- 12(d)), three 
of the aromatics, 1 -methyl -4 -ethylbenzene, 1,3-dimethylbenzene, and, 

1 -methyl -4-isopropylbenzene , appear to be the most susceptible. At 
the lean fuel -air ratio, however, tert -butylbenzene is considerably 
more susceptible than the other aromatics. 

Ethers . - Lead susceptibilities of the ether blends are pre- 
sented in figures 12(e) and 12(f). At an inlet -air temperature 
of 10 0° F (fig. 12(e)), methyl tert - butyl ether and p-methylanisole 
have the greatest lead susceptibilities at the lean fuel-air ratio. 

At the rich fuel -air ratio, methyl tert -butyl ether has the highest 


susceptibility with anisole and p-methylanisole next. 
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At an inlet-air temperature of 250° F (fig. 12(f)), the three 
tert -butyl alkyl ethers have the highest susceptibilities at the 
lean fuel -air ratio. The three aromatic ethers and methyl 
tert -butyl ether exhibit the highest susceptibilities at the rich 
fuel -air ratio. 

Comparison of classes of compounds . - In figure 13, the lead 
susceptibilities are plotted against boiling points for the iscmers 
having highest lead susceptibilities in each class of compounds. 

At both lean (fig. 13(a)) and rich (fig. 13(b)) fuel-air ratio, the 
low-boiling ethers appear to be most susceptible to tetraethyl lead 
in the boiling range from 125° to 160° F. Above 160° F, the 
aromatics show the greatest lead response. 

COECUJDUfG BEMAEES 

On the basis of an investigation of the type reported herein, it 
is difficult to draw any specific conclusions , inasmuch as antiknock 
characteristics are influenced by many factors. The relative order of 
antiknock ratings of a series of compounds is influenced by engine con- 
ditions, by the tetraethyl -lead content, and by the concentration of 
blending agent in the base fuel with which a comparison is made. With 
consideration for these factors , tert -butylbenzene , methyl and ethyl 
tert -butyl ethers, and 2,2, 5-trimethylbutane and several nonanes were 
among the best compounds in their respective organic classes. This 
selection was based upon temperature sensitivity and lead susceptibility 


as well as antiknock value. 
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In an effort to generalize the data obtained in this investi- 
gation., the subsequent conclusions are expressed in terms of the 
relation of various performance factors to the gasoline boiling 
range as influenced by the classes of organic compounds investi- 
gated. Furthermore, these conclusions must necessarily be 
restricted to the limitations of this investigation and therefore 
cannot be applied without exception. 

Antiknock ratings. - In the low-boiling gasoline range, the 
highest antiknock ratings are among the more volatile paraffins and 
ethers. In the intermediate gasoline range, the ethers excel; in 
the high-boiling range the aromatics have the highest antiknock 
ratings . 

Temperature sensitivity. - In the low-boiling gasoline range, 
the data are incomplete as regards temperature sensitivity, but 
there are indications that the volatile ethers are more sensitive 
to temperature changes than are the paraffins or aromatics. In the 
intermediate and high -boiling ranges of gasoline, the aromatics are 
more sensitive to temperature than the paraffins and the ethers. 
Moreover, the aromatics that have the highest antiknock ratings are 
also sensitive to temperature. 
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Lead susceptibility. - In the low-boiling gasoline range, the 
data are incomplete as regards lead susceptibility, but there are 
indications that the more volatile ethers are more susceptibile to 
additions of tetraethyl lead than are the paraffins and the aromatics . 
In the intermediate and high-boiling ranges of gasoline, the 
aromatics show greater lead susceptibility than either the paraffins 
or the ethers. 

Lewis Flight Propulsion Laboratory, 

National Advisory Committee for Aeronautics, 

Cleveland . 
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SAP/ 





\ 


m A-DT T? 


1AUUU 


TO/imn? 


n^po a m tt ita n numxm t awq 


VI JLUIAX JL11VJ VV4.1.UJ.X JLV11U 


Condition 

Engine 

17*6 

A.S.T.M, . 
Aviation 

A.S*T.M* 

Supercharge 

Pull-scale single 
cylinder 

Simulated 

4- 

t/UA V — V4. A 

Simulated 

A-vni "l a a 

VI UAU V> 

Compression ratio 
inlet-air temperature, A® 

Inlet -mixture tempera- 
ture, °P 

Inlet-air pressure 

Tihifll vtd f *1 a 

i.' UCJU~»** i WU4.V 

Speed, rpm 

Spark advance, deg B.T.C, 
Coolant temperature, °F 
Cooling-air temperature^, 
°P 

u .... - ,, 1 

7*0 

100 

250 

Variable 

125 

220 

Atmospheric 
an . m 

Vf V ( 

1200 

35 

374 

7,0 

225 

7*3 

250 

7*3 

210 

Variable 

oVll A 

Variable 

Un v>*1 nVil a 

TUA 4.C4VJ. W 
1800 
45 
375 

Variable 

Unyi oKl a 

V HJL AVSk/X \J 

2500 

20/20 

Variable 

Ud y> 1 o Vil n 

V Hi AMU XV 
2000 
20/20 

*iaoo" 

30 

212 

85 

85 



— 




Approximate* 

^Cooling-air flow was determined by running engine at brake mean effective 
pressure of 140 ib/sq in* ana fuel-air ratio of 0,10 and by adjusting air 
flow until temperature of rear spark-plug bushing was 365° P. 
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TABLE II - PHYSICAL PROPERTIES 
(a) Paraffins and olefins? 


or 

o 


Paraffins and olefins 

Formula 

Freezing 

point 

(°c) 

Bolling point 

Density at 
20° C 
( gram/ml ) 

Refractive 

index 

_20 

n D 

(op) 

(°c) 

Payaff jns 

2 -Methylbutane 

c 5 h 12 

-159.890 

82.14 

27.854 

0.61967 

1.35373 

2 . 2 - Dimethylbutane 

2. 3 - Dimetb.ylbutane 

. C 6 h 14 

-99.73 

-128.41 

121.54 

136.38 

49.743 

57.990 

0.64917 

.66164 

1.36876 

1.37495 

2. 2. 3- Trimethylbutane 

2. 3- Dimethylpentane 

C 7 H 16 

-24.96 

177.57 

193.62 

80.871 

89.79 

0.69002 

.69512 

1.38946 

1.39200 

2. 2. 3- Tr imethylpentane 
2 t 3 , 3-Tr imethylpentane 

2. 3 . 4- Tr imethylpentane 

C 8 h 18 

-112.27 

-100.70 

-109.210 

229.72 

238.57 

236.25 

109.844 

114.763 

113.470 

0.71605 

.72620 

.71905 

1.40295 

1.40752 

1.40422 

2 t 2, 3, 3-Tetramethylpentane 

2. 2. 3. 4- Tetramethylpentane 
2, 2 f 4, 4-Tetrsunethylpentane 
2, 3, 3, 4-Tetramethylpentane 

2. 4- Dimethyl-3- ethyl- 
pentane 

C 9 H 20 

-9.9 

- 121.6 

-66.54 

- 102.1 

284.41 

271.42 

252.10 
286.77 

278.11 

140.23 

153.01 

122.28 

141.54 

156.73 

0*7566 

.7390 

.7196 

.7547 

.7579 

1.4234 

1.4146 

1.4068 

1.4220 

1.4157 

Oleflas 

2, 3-Dimethyl-2-pent ene 

C 7 h 14 

-119 

207 

97 

1 

0.728 

1.421 

o *x x .i.v — l ft j_ ~ 

U| -T'-XX-jUUCUlJ.Jf J.- 6 -paUUOUO 

2. 4. 4- Tr imethyl-l-pent one 

2. 4. 4- Tr imetbyl-2-pent ene 

^ A wi of Inrl atia 

V| AJi MUV k/llj h# ■ |/\>XX u 

ft TT 
^8^16 

-93.5 

-106.4 

" 

Oil ft ft 
«£> / 

214.59 

220.84 

MW “X 

nr o<3 

X-LU 

101.44 

104.91 

■n© 

ft n a*z a 

V* 

.7150 

.7212 

• 1 w w 

^ a ft ft cr 
X * UP f 1 / 

1.4086 

1.4160 

1 A©* 

f X Hnv 


a Data from reference 15. 
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TABLE II - PHYSICAL PROPERTIES - Continued, 
(b) Aromatics* 


Aromatic 

Formula 

Freezing 

point 

(°C) 

Boiling point 

Density at 
20° C 
(gram/ml) 

Refractive 

index 


(°p) 

(°C) 

Benzene 

C 6 H 6 

5.49 

176.2 

80.1 

0.8789 

1.5012 

Methylbenzen© 

C 7 h 8 

-95.014 

231.1 

110.6 

0.8670 

1.4967 

Ethylbenzene 

C 8 H I0 

-95.025 

276.8 

136.0 

0.8672 

1.4960 

1, 2-Dimethylbenzene 

-25.54 

291.9 

144.4 

.8799 

1.5052 

1, 3-Dimethylbenzene 


-48.31 

282.4 

139.1 

.8642 

1.4971 

1, 4-Dimethylbenzene 


15.25 

281.1 

138.4 

.8610 

1.4960 

n- Pr opy lb en z ene 

c 9 H 12 

-99.61 

318.7 

159.3 

0.8620 

1.4920 

Ts opr opylb enz ene 

-96.16 

306.3 

152.4 

.8621 

1.4913 

1-BCe thyl-2-e thylbenz ene 


-80.94 

529.2 

165.1 

.8807 

1.5045 

l-Methyl-3-ethylbenzene 


-85.62 

522.5 

161.3 

.8645 

1.4965 

l-Methyl-4-ethylbenzene 


-63.60 

323.6 

162.0 

.8611 

1.4951 

1,2,3-Trimethylbenzene 


-25.97 

349.0 

176.1 

.8945 

1.5137 

1, 2 # 4-Trimethylbenzene 


-44.25 

336.7 

169.3 

.8758 

1.5048 

1, 3, 5-Trimethylbenzene 


-44.85 

328.8 

164.9 

.8650 

1.4990 

n-Butylbenzene 

c 10 H 14 

-88.19 

361.8 

183.2 

0.8603 

1.4898 

Ts obutylb enz ene 

-51.87 

342.0 

172.2 

.8527 

1.4860 

sec-Butylb enz ene 


-75.73 j 

343.9 

173.3 

.8620 

1.4900 

tert-Butylbenzene 


-57.96 | 

336.6 

169.2 

.8665 

1.4925 

l-Methyl-4-is opropyl- 
benzene 


-68.39 

351. 0 1 

177.2 

.8568 

1.4906 

1, 2-Diethylbenzene 


-32.05 

361.8 

183.2 

.8797 

1.5032 

1, 3 -Di ethylbenzene 


-84.64 ! 

358.9 

181.6 i 

• 8643 

1.4955 

1, 4-Diethylbenzene 


-43.31 | 

362.7 

183.7 I 

.8621 

1.4948 

1, 3-Dime thyl-5-e thyl- 
benz ene 


-84.43 

362.5 

183.6 | 

.8647 

1.4980 

1-Me thyl-3 -tert -butyl- 
benzene 

C 11 H 16 

-41.55 

372.6 

189.2 

0.8658 

1.4945 

1-Me thy 1 - 4 -tert-butyl - 
benzene 

-52.75 

378.7; 

192.6 1 

.8612 

1.4919 

1-Me thyl-3, 5-diethyl- 
benzene 


-74.01 

393.1 

200.6 

.8633 

1.4969 

1, 3, 5-Tri ethylbenzene 

C 12 H 18 

-66.44 

■ ■■ i 

420.61 

215.9 

0.8620 

1.4957 
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TABLE II - PHYSICAL PROPERTIES - Concluded 
(c) Ethers. 


Ether 

Formula 

- — . 1 

Freezing 

point 

(°C) 

Boiling point 

Density at 
20° C 
(gram/ml) 

Refractive 

index 

ng° 


(°F> 

(°C) 

.. 

Methyl tert-butyl ether 

°5 H 1S° 

■ 

-109.00 

130.3 

54.63 

0.7403 

1.3689 

Ethyl tert-butyl ether 

C 6 Hi 4 0 

-94.44 

161.5 

71.93 

.7395 

1.3756 

Isopropyl tert-butyl 
ether 

C 7 H 16° 

-88.10 

189.4 

87.42 

.7413 

1.3800 

Methyl phenyl ether 
(anisole) 

c 7 h 8 o 

-37.16 

308.5 

153.63 

.9939 

1.5170 

Ethyl phenyl ether 
(phenetole) 

. 

c 8 h 10° 

-29.49 

337.9 

169.95 

.9651 

1.5075 

Methyl p-tolyl ether 
(p-m ethyl an I sole) 

o -Me thy 1 anisole 
m-Methylanisole 
p-tert-ButylanlsoIe 
n- Propyl phenyl ether 
Isopropyl phenyl ether 
tert -Butyl phenyl ether 
Methyl benzyl ether 
Isopropyl benzyl ether 
Methyl methallyl ether 
Isopropyl methallyl ether 

c 8 h 10° 

c 8 h 10° 

c 8 Hi 0 o 

c 11 h 16° 

c 9 h 12° 

C 0 H, a O 

c 10 h 14° 

C 8 H 10° 

®10 h 14° 

°5 H 10° 

c 7 h 14 o 

-32.20 

-34.21 

-56.05 

19.11 

-27.09 

-33.05 

-18.38 

-53.11 

-67.18 

-113.15 

350.0 
341.3 
349.8 

433.7 

372.8 

350.1 
a 369 

337.8 
! 379 

1 152.3 

217.8 

176.69 

171.81 

176.53 

223.18 

189.31 

176.73 

a 187 

169.9 

a 193 

66.86 

103.20 

.9701 

.9796 

.9716 

.9383 

.9475 

.9405 . 

.9247 

.9630 

.9214 

.7772 

.7753 

1.5123 
1.5178 
1.5137 
1.5030 
1.5012 
1.49 75 
1.4880 
1.5019 
1.4859 
1.3941 
1.4012 


tert-Butyl methallyl ether 

c 8 h 16° 

•85.69 

a 237 

®L14 

.7853 

1.4083 

Dimethallyl ether 

CsH 14 0 

.-57.72 

: 273.9 

134.40 

.8131 

1.4285 

Phenyl methallyl ether 

°10 h 12° 

—33 .32 

a 410 

^10 

j .9634 

1.5157 

Methyl cyclopropyl ether 

p w n 


t no ft 

43.20 

.7839 

1.3799 

°4 W 8 U 



Methyl cyclopentyl ether 

c 6 h 1S° 

-135.03 

221.7 

105.39 

.8625 

1.4205 

Methyl cyclohexyl ether 

0 7 Hi 4 0 

-74.39 

272.0 

133.35 

.8756 

1.4346 


^NACA 


Approximate value (decomposed on atmospheric boiling) 


■ 1348 



MCA EM E50H02 


59 


TABLE III - A.S.T.M. AVIATION AND A.S.T.M. SUPERCHARGE PERFORMAN CE N UMBERS OF 
LEADED AND UNLEADED BLENDS WITH ISOOCTANE AND WITH MIXED BASE FUEL CONSIST- 
ING OF 87 *5 -PERCENT (BY VOLUME) ISOOCTANE AND 12.5-PERCENT n -HEPTANE* 

(a) Paraffins and olefins* 


Performance number 


Paraffins and olefins 


ormula 


A.S.T.M. Aviation 

method 

A.S.T.M. 

Supercharge 

method 

(F/A=0.11) 

Unleaded 

4 ml TEL/gal 

4 ml TEL/gal 

Volume percent 
paraffin or olefin 
in blend with 
lsooctane 

Volume percent paraffin 
or olefin in blend with 
mixed base fuel 13 


| 10 | 20 1 
Paraffins 


10 25 50 10 25 50 


2 -Hethylbutane<* 


2. 2- Dimethylbutane c 

2. 3- Dimethylbutane c 


2. 2. 3- Trimethylbutane c 

2. 3- Dimethylpentane 

2. 2. 3- Trimethylpentane 0 

2. 3. 3- Tr iraethylpentane c 

2.3. 4- Trimethylpentane c 





c 7 Ei6 


C 8 H 18 


151 124 135 142 127 146 200 


2.2.3.3- Tetramethylpentane c C 9 H 2 Q 
2,2,3, 4-Tetramethylpentane 

2,2, 4, 4-Tetraraethylpentane c 

2.3.3. 4- Tetramethylpentane 

2. 4- Dime thyl -3- ethyl - 
pentane 




128 
133 120 



156 >230 
141 175 



2, 3-Dime thyl-2-pentene 


C 7 Hi 4 


93 93 137 131 


86 


Olefins 


78 


110 108 

117 110 106 125 143 192 


2,3, 4-Trim ethyl-2 -pent ene CgH^ 80 77 127 

2, 4, 4-Trimethyl-l-pentene 0 

. 2, 4, 4-Trimethyl-2-pentene c . . . , 

3,4, 4-Trimethyl-2-pentene 96 92 133 



l Perf ormance numbers greater than 161 were determined as follows t 


114 106 88 118 | 108 

^naca: 


performance number » I 6 I 3 


imep of blend 
Lsooctane + 6 n 


^A.S.T.M. Aviation and A.S.T.M* Supercharge performance numbers of mixed base 
fuel, 120 and 112 , respectively# 


C A.S.T.M# Supercharge data for compound determined at a commercial laboratory; 
A.S.T.M. Aviation data determined at NACA Lewis laboratory# 
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TABLE III - A.S.T.M. AVIATION AND A.S.T.M. SUPERCHARGE PERFORMANCE NUMBERS OF 
LEADED AND UNLEADED BLENDS WITH ISOOCTANE AND WITH MIXED BASE FUEL CONSIST- 
ING OF 87.5-PERCENT (BY VOLUME) ISOOCTANE AND 12.5-PERCENT n-HEPTANE a - 
Continued ~ 

(b) Aromatics* 


Performance number 


A.S.T.M. Aviation method 


Aromatic 

Formula 

Benz ene 

c 6 h 6 

Methylbenzene 


Ethylbenzene 
1, 2-Dime thy lb en z ene 

1.3- Dimethylbenzene 

1. 4- Dime thylbenz ene 

°8 h 10 

n-Propylb enz ene 
Ts opr opylb enz ene 
1-Methyl -2-ethylbenzene 
1-Me thyl-3 - e thylb enz ene 
! 1-Methyl -4-ethylbenzene 
1, 2, 3-Trimethylbenzene 
1,2, 4-Tr ime thylb en z ene 
1, 3, 6 -Trim ethylbenzene 

c 9 h 12 

n-But ylb enz ene 
Ts obu t y lb enz ene 
sec -Butylb en z ene 
tert-Butylb enz ene 
I-Methyx-4-is opropyl- 
b enz ene 

1 , 2-Diethylbenzene 

1. 3- Diethylbenzene 
1, 4-Die thylb enz ene 

1. 3- Dimethyl-5-ethyl- 
b enz ene 

Cl0Hl4 

1-Methyl -3-tert-butyl- 
b enz ene 

1-Me thy 1 -4- tert-butyl- 
benzene 

1-Me thyl-3, 5-diethyl- 
b enz ene 

C 11 h 16 

1,3, 6-Triethylbenzene 

c 12 h 18 


Volume percent 
aromatic in blend 
with isooctane 


10 20 


96 92 



Performance numbers greater than 161 were determined as follows: 
performance number * 161 ^ p - "lsooctane 1 ^! TOT./ g » 1 


169 

176 

171 


170 


^naca: 


d A.S*T.M, Aviation and A.S.T.M. Supercharge performance numbers of mixed base 
fuel, 120 and 112, respectively. 












































































NACA EM E50H02 


61 


TABLE III - A.S.T.M. AVIATION AND A.S.T.M. SUPERCHARGE PERFORMANCE NUMBERS OP 
LEADED AND UNLEADED BLENDS WITH ISOOCTANE AND WITH MIXED BASE FUEL CONSIST- 
ING OP 87. 5- PERCENT (BY VOLUME) ISOOCTANE AND 12.5-PERCENT n-HEPTANE - 
Concluded 

( c ) Ethers . 



Performance number 


A.S.T.M. Aviation method 



Formula ^^<,3 4 ml TEL/gal 


Methyl tert-butyl ether c 5 g 12° 

Ethyl tert " butyl ether CgH^O 

Isopropyl tert -butyl 

ether G 7 g 16 G 

Methyl phenyl ether 

(anisole) C 7 HgO 

Ethyl phenyl ether 

(phenetole) G 8 H 10° 

Methyl p-tolyl ether 

(jd - methyl an is ole) G 8 H 10° 

m-Methylanisole G 8 g 10° 

£-Methylanisole CqHjlq 0 

p- tert -Butyl an is ole G ll2is G 

n-Propyl phenyl ether G 9Hi2 G 

Isopropyl phenyl ether G 9^12 G 

tert- Butyl phenyl ether c 10^1 4° 

Methyl benzyl ether G 8 H 10° 

Isopropyl benzyl ether G 10 g 14 G 

Phenyl methallyl ether G 10^12 G 

Methyl methallyl ether G 5 g 10^ 

Isopropyl methallyl ether C^H^O 

tert -Butyl methallyl ether CgH^gO 

Dimethallyl ether C 8 B “14° 

Methyl oyclopropyl ether C 4 HQO 

Methyl cyclopentyl ether G 6 g 12° 

Methyl cyclohexyl ether G 7 H 14° 


Volume percent 
aromatic in blend 
with isooctane 


4 ml TEL/gal 


Volume percent ether in 
blend with mixed 
base fuel* 3 


C 8 H 14° 

g 4 h 8° 

g 6 H 12° 


10 

20 

10 

20 

10 


50 

10 

25 

50 

100 

102 

149 

c 153 

134 

143 

150 

137 

175 

250 

100 

104 

: 157 

161 

140 

144 

150 

132 

‘ 150 

185 

103' 

104 

160 

161 

137 

149 

160 

126 

150 

185 

93 

90 

141 

121 

118 

107 

94 

125 

142 

137 

99 

97 

140 

120 

120 

111 

j 100 

i 

128 

146 

137 

99 

99 

144 

133 

120 

112 

j 100 

133 

145 

136 


Methyl cyclohexyl ether G 7 g 14° 1 — 1 — "H " [ 1 68 1 " — I""" 

a Performance numbers greater than 161 were determined as follows: 

imep of blend 

performance number 161 i m ep of isooctane + 6 ml TEL/gal 

b A.S.T.M. Aviation and A.S.T.M. Supercharge performance numbers of mixed 
fuel, 120 and 112, respectively. 





















TABLE IV - A.S.T.M. SURCHARGE KNOCK-LIMITED INDICATED MEAN EFFECTIVE PRESSURE RATIOS OP BLENDS WITH MIXED 
BASE FUEL CONSISTING OP 87.5-PERCQTT (BY VOLUME) ISOOCTANE AND 12.5-PHJCJaSTT n-HEPTANE + 4 ML TEL PER GALLON 

[Standard conditions] 

(a) Paraffins and olefins- 


Paraffine and olefins 

Formula 

imep ratio 8 - 

Volume percent added paraffin or olefin in blend with mixed base fuel 

10 

1 25 

50 

Fuel-air ratio 

0.065 

0*07 

0.085 

0.10 

0.11 

0,065 

0.07 

0*085 

o.io 

o.u 

0.065 

0.07 

0.085 

: 

0.10 

0.11 

Paraffins 

2.2. 3- Trimethylbutane 

2 . 3 - Dim ethyl pentane 

Vie 

1.02 

1.05 

l.Ofr 

1.09 

1.11 

1.12 

.96 

1.21 

.96 

1.26 

.98 

1.29 

1.00 

1.30 

1.00 

1.49 

1.51 

1.66 

1.73 

1.74 











2 . 2 . 3.3- Tetramethyl- 
pentane 

2 , 2 , 3, 4-Tetramethyl- 
pentane 

2.3.3. 4- Tetrametbyl- 
pentane 

2 . 4- Dimethyl -3-ethyl- 
pentane 

C 9 H 20 






0.83 

.85 

.87 

1.05 

0.83 

.88 

• 8 4 

1.05 

1.06 

1.05 

1.06 
1.07 

1.31 

1.19 

1,23 

1.09 

1.39 

1.24 

1.28 

1.10 


■ 




0.90 

.95 

0.93 

*94 

1.04 

1.05 

1.08 

1.09 

1.10 

1.11 

0.80 

*75 

0.75 

.70 

0.8Q 

1*06 

1.46 

[1.60 

1.59 

1*76 









~ 


Olefins 

2 , 5-Dimethyl -2- 
pentene 

C 7 H 14 






0.75 

0.79 

0.88 

0.95 

1.02 
















2 . 3. 4- Trim ethyl -2- 
pentene 

3. 4. 4 - Trimethyl -2- 
pentene 

c a H i6 

0.84 

.87 

0.82 

.87 

0.92 

1.00 

1.00 

1,02 

1.00 

1.05 

0.69 

.75 

0.67 

.73 

0.72 

.79 

0.86 

.91 

0.93 

.97 

0.59 

•66 

0.50 

.59 

0.48 

.59 

0.58 

.72 

0.67 

.84 




a_ . __ knock-limited imep of blend with 4 m l TE L/ gal 

Imep ratio =■ knock-limited imep of mixed b asefuei with 4 ml Tkh/gal 


• j. 


1348 


I 


MCA EM E50H02 
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TABLE IV - A.3.T.M. 3 UP EH CHAR a E KHOCK-LIUITED INDICATED MEAN EFFECTIVE PRESSURE RATIOS OP BLENDS WITH MIXED 
BASE FUEL C CSf SIS TING OF 07.5-FHiCOfT (BV VOLUME) IBOOGrAiTE A3D i£.o-FEEGEKT n-HEFTANE + 4 ML TEL PER 
GALLON - Continued 


[Standard condition^ 
{b} Arena ties. 


A roe able 

Formula 

leap ratio*- 

Voluw e percent aromatic In blend with mixed baa a fuel 

■ io ! 

26 

50 

Pual-air ratio 

0,065 

0.07 

o.oes 

0.10 

o.u 

0.065 

0.07 

0.065 

0.10 

0.11 

0.065 

0.07 

0.005 

0.10 

0.11 

Barn ana 

CqHq 

1,03 

1.01 

1.04 

1.05 

1.0? 

1.06 

1.10 

1.13 

1.15 

1.19 

0.74 

0.73 

1.23 

1.39 

1.61 

Methjlbenzene 

O^Hq 

1.01 

1.05 

1.08 

1.10 

1.15 

1.00 

1.04 

1.18 

1.39 

1.37 

0.04 

0.99 

1.27 

2.43 

— 

Ethylbenzene 

1, 2-DI*etbylbenEeae 

1. 3- Dinethylbenaene 

1. 4- tHuothylbanaane 

°8 H 10 

1.06 

•36 

.93 

1.04 

1.07 

.94 

i.oe 

1.07 

l.U 

• 95 
1.18 
1.10 

1.13 

.93 

1.15 

1.10 

1,14 

.91 

1,16 

1,11 

1.02 

.76 

.83 

1.01 

1.00 

.00 

.98 

1.09 

1.21 

.89 

1.33 

1.30 

1.29 

.91 

1.45 

1.59 

1.37 

•91 

1.51 

1.60 

0.99 

.60 

.60 

.94 

1.07 

.73 

.98 

1.03 

1.44 

.87 

1.78 

1.67 

1.71 

.95 

3,36 

8.03 

1.00 

2.70 

n-OitAnwl h«n**na 
u-m UW *u»u.whw 

la crpropyl b en b ace 
l-Me thyl-2- a thylb ena one 
1 -Methyl -3 -ethyl bon rone 
1-Hothyl- 4- ethylb on eene 
1, 2, 3-Tri»otbylben*ene 
1,3, 4-Trlmottaylbenxeme 
1, 3, B-TrlnethylbonBono 


n*Q4 

1.14 

1,01 

.93 

1.09 

Q.99 

lilS 

1.04 

• 95 
1.10 

1.08 

1.13 

l.U 

• 98 
1.13 

1,10 

1.11 

1.15 

,9B 

1.16 

l.U 

1.12 

1.16 

.97 

1,10 

0.94 

1.05 

.06 

1.11 

.96 

.83 

.01 

.94 

1*06 
1.07 
.91 
1.14 
1.01 
.85 
.05 
• 95 

1.34 

1.14 

1.05 

1.88 

1.81 

,90 

1.02 

1.86. 

1.30 

1.23 

1.00 

1.40 

1.54 

.93 

1.03 

1,59 

1.3B 

1.30 

1.09 

1,47 

1.43 

.94 

1.03 

1.49 

0.73 

.93 

.93 

.01 

1.08 

0.78 

1.03 

• 90 

.03 

1.04 

1.10 

1.41 

1,27 

1.04 

1.61 

1.37 

1.92 

1.61 

1.21 

2.06 

1.06 

2.50 

1.93 

1.34 

n-Butylbmisnq 
"Tflobutylbonzeno 
g ec-Butylb enaeno 
lor t-Bui^lb ana one 
l-lfethyl-4-iacrpropyl- 
ben een ft 

1. 2- Diethylbanxene 

1. 3- Dlotbylbonseno 

1. 4- Diethylben*ene 

1, 3-D Jjiethyl- 3- ethyl- 
benzene 

Cn /J3i a 

O.BC 

.95 

1.01 

1.06 

1.01 

1.00 

1.04 

.99 

1.06 

1.06 

1.04 

1.09 

1.05 

1.10 

1.13 

1.07 

1.09 

1.07 

1.14 

1.15 

1.00 

l.U 

1.09 

1.16 

1.15 

0.07 

.81 

1.03 

1.12 

.91 

•93 

.99 

1.10 

1.07 

0.96 

.97 

1,01 

1.17 

1.03 

.96 

1.07 

1.13 

1.11 

1.13 
1.80 

1.14 
1,31 

1.83 

1.01 

1.88 

1.22 

1.2S 

1.16 

1.26 

1,25 

1.48 

1.34 

1.04 

1.42 

1.34 

1.41 

1.10 

1.30 

1.31 
1.47 

1.45 
1.07 
1.51 

1.46 

1.49 

0.77 

.90 

.98 

1.06 

.77 

0,91 

1.02 

..97 

1.13 

.07 

1.23 

1.2S 

1.17 

1,46 

1.33 

1.34 

1.44 

1.43 

3.88 

1.04 

1.48 

1.59 

1.63 

8.50 

2.03 

1.04 

1.09 

1.10 

1.16 

1.19 

.02 

.86 

1.23 

1.81 

2.09 











l-Methyl-5-tert-butyl- 

bentane 

1 -Methyl -intent -butyl- 
ben Bene 

1 -Kathy 1-3, 5-diethyl- 
bansane 


— 

— 

— 

— 


1.10 

1,11 

1.10 

1.15 

1.14 

1.15 

i.ea 

1.80 

1.87 

1.40 

1.43 

1.39 

1.49 
1,53 

1.50 


— 


— 

— 





— 

— 


— 

— 

1,5,0 -Tr i« thy lb ena one 

C lB il X8 






1.07 

l.U 

1.26 

1 AA 

1,51 











JL, . 








*Imep ratio 


knook-liinitod laop of blond with 4 ml TEL/p;al 

knook-llJBitfd imap of mixed baa e fuel with 4 nl fi 


m/gal' 



cn 

CM 


mCA. EM E50H02 











TABLE IV - A.S.T.M. SUPERCHARGE KNOCK-LIMITED INDICATED MEAN EFFECTIVE PRESSURE RATIOS OF BLENDS WITH MIXED BASE 
FUEL CONSISTING OF 87.6-PHiCENT (BY VOLUME) ISOOCTANE AND 12.5-PHICHIT n-HEFTANE + A ML TEL PHI GALLON - Concluded 


[Standard conditions] 
(o) Ethera. 


c~7 


CD 


Ether 

Formula 

Methyl tart-butyl ether 

C5E12 0 

Ethyl tort -butyl ether 

c 6 a 14 ° 

Isopropyl tort -butyl ether 

G 7 H 16° 

Methyl phenyl ether 


(aniaole) 

c-^e 0 

Ethyl phenyl ether 
. (phenetole) 

C 8 h 10° 

Methyl p-tolyl ether 
(jjhu ethyl aniaole) 

G 0^1O° 

m-Methyl aniaole 

C 8 h 10° 

2“Mo thylan ia ole 

G aE 10 o 

p-tart-Butylan ia ole 

c n H ia° 

n- Propyl phenyl ether 

C © H 12° 

Isopropyl phenyl ether 

iC 9 h 12 q 

tert -Butyl phenyl ether 

G 10 H 14° 

Methyl bensyl ether 

C 8 E 10° 

I/VUAJA O UilfJA' 

n tt n 

u 10 n 14' / 

Phenyl nethallyl ether 

^lc^ie 0 

Methyl metballyl ether 

C 5 H 10° 

Iaopropyl aethallyl ether 

G 7^14 G 

tert-Butyl methallyl ether 

c 0 h 16 o 

Dimethallyl ether 

c 0 h 14 o 

Methyl cyolopropyl ether 

c 4 h 3 o 

Methyl oyolopentyl ether 

C 6 H 12° 

Methyl oyclohoxyl ether 

G 7®14 G 


Imep ratio 0. 


Volume percent ether in blend with mixed base fuel 


10 


25 


50 


Fuel-air ratio 


0*065 

0.07 

0.085 

0.10 

0.11 

1.07 

1.13 

1.13 

.94 

.97 

.99 

1.01 

1.12 

1.07 

.93 

.94 

,90 

1.11 

1.14 

1.09 

1.03 

1.05 

1.05 

1.18 

1.16 

1.10 

1.07 

1.11 

1.13 

1.21 

1.17 

1.11 

1.10 

1.12 

1.16 
















— 

1 

: — 

— 

—j— — * 















— 















J 


: 
























0.065 

0.07 

0,085 

0 

t-» 

0 

o.u 

0.065 

0.07 

0.085 

O 

• 

O 

H 

H 

• 

O 

1.34 

1.13 

1.39. 

1.52 

1.59 

2.22 

1.44 

1.85 

2.08 

2.34 

1.37 

1.16 

1.26 

1.34 

1.37 

1.97 

1.25 

1.46 

1.66 

1.70 

1.34 

1.26 

1.24 

1.29 

1.33 

%.5 

1.45 

1.45 

1.53 

1.66 

.67 

.72 

.96 

1.13 

1.25 

.89 

.63 

.55 

.92 

1.21 

.99 

.81 

1.05 

1.21 

1.30 

.95 

.65 

1 *64 

,96 

1.21 

.91 

.74 

.98 

1.16 

1.29 

.94 

.65 

.56 

.96 

1.19 

.97 

.90 

1.07 

1.21 

1.31 


— 


— 

— 

.60 

.52 

.57 

.75 

.85 






— 

95 

-91 


1 in 

1 %o 






1.06 

* v ± 
1.00 

1.17 

1.27 

1.35 







.99 

; .90 

1.05 

1.26 

ll.35 

1— — - 

1 — — 


; 


.88 

.81 

.92 

1.06 

1.21 







; .83 

-89 

.96 

.96 

.99 






rtc 

QC 

1 10 

1 20 

1 24 






43 

44 

W3 

4.S 

.54 






64 

• 66 

. tW 

7Q 

.81 

AS 






.77 

• 71 , 

. (V 

,05 

.90 

.92 






■ .58 

• 66 

•81 

.90 

.97 






-64 


ftp 

7R 

al 

* 





5 61 

< | 

*57 

_73 

• /o 

.85 






.67 

.61 

.69 

.75 

.75 


— — 


— 


.63 

• 63 

.61 

.67 

.70 

, — ...... 

— 


— — 

— 


a I*op ratio * E5HHE? 
^Approximate value* 


k-ljmlted imep of blend with 4 ml TEL/gal 
tod imep of mixed haoe fuel witV 4 oi T 


TWgal 


17M 


r: , : 


. . I 


NACJA EM E50H02 




10‘- J 


CO 


TABLE V - 17 ♦ 6 ENGINE KNOCK-LIMITED INDICATED MEAN EFFECTIVE PRESSURE RATIOS OF UNLEADED BLENDS WITH ISOOCTANE 
[Cct)ipr«B8j.on ratio, 7»Oj engine speed, 1800 rpmj coolant temperature, 212° F; spark advance, 30° B.T.cJ 

(a) Paraffins and olefins. 


Paraffins and olefins 

Formula 

lmep ratio 4 



Inlet-air temperature 

250° F 



Inlet- 

air temperature. 

100° B 


Volume percent added paraffin 

or olefin In blend with isoootene 



10 

26 

50 

Fuel-air ratio 

0.065 

0.07 

0*085 

0.10 

0.11 

0.065 

0.07 

0.085 

0.10 

0.11 

0.065 

0.07 

0.085 

0.10 

0.11 

Paraffins 

2, 2,3-Trimethylbutane 

c 7 Hi6 

1.02 

1.02 

1.03 

1.09 

1.10 

1.08 

1.07 

1.09 

1.17 

1.20 

1.16 

1.15 

■1.21 

1.20 

1.20 

2, 5-Dimathylpentane 



— — 

— 

— — 

— — 

.95 

.96 

• 94 

.94 

.94 

.93 

.95 

.95 

.94 

• 93 

2, 2, 3, 3-Tetramethyl- 

















pentane 

u 9^80 



— «... 

— 

— — 

1.12 

1.14 

1.20 

1.32 

1.31 

1.23 

1.22 

1.27 

1.27 

1.37 

2, 2, 3, 4-Tetram ethyl- 

















pentane 


0.96 

0*96 

1.01 

1.11 

1.13 

.91 

.91 

1.00 

1.15 

1.22 

1.09 

1.10 

1.15 

1.21 

1.22 

2, 3, 3, 4-Tetramethyl- 

















pentane 


.97 

.98 

1.03 

1.06 

1.13 

.95 

.96 

1.07 

1.16 

1.27 

1.17 

1.19 

1.22 

1.27 

1.87 

2, 4-DImethyl-3-ethyl- 

















pentane 



— — 


— — 

— — 

.09 

1.00 

1.00 

1.01 

1.00 

1.05 

1.02 

1.02 

.98 

.97 

Olefins 

2, 3-Dimethyl -2- 

















pentene 

c 7 h 14 



— 


— — 

0.90 

0.99 

1.01 

1.09 

1.15 

1.14 

1.12 

1.17 

1.25 

1.27 

2, 5, 4-Trlmethyl-2- 

















pentene 

C B^16 

0.90 

0*90 

0.89 

0.91 

0.96 

0*79 

0.79 

u./u 

O.tJK 

0.89 

u.yo 

O.yo 

0.96 

0 .99 

I.u2 

3, 4, 4-Trimethyl -2- 

















pentene 


• 96 

.98 

.99 

1.00 

1.05 

.93 

.94 

.94 

.98 

1.06 

1.05 

1.04 

1.08 

1 . 1 s 

1.20 




_ . , knock-1 Iml ted lmep 

Imep ratio = knock-limited lien of 


lsooctane 


m 

Ol 


zohqss: m tovji 




iMBr-ff v - 1 9 rt TrwrtTiTE 1 nmfflr.T.TMTTO TTmirAfiTi uviv wgpiar ^ Tvir t>OTT^<;TTPT Ri'FTrw m? rnrr.wi nwi rmnnv: wrrm -ran/wMinz - 





Imook-llaltod 1» 
nock-limited. inip 















































JLo hJ 


TABLE V - 17.6 HIGINE KNOCK-LIMITED INDICATED MEAN EFFECTIVE PRESSURE RATIOS OF UNLEADED BLENDS WITH I300CTANE - 

Concluded 

(Compression ratio, 7*0; engine speed, 1800 rpm; coolant temperature, 218° F; spark advance, 30° B.T.C J 

(o) Ethers. 


Ether 


Formula, 


Inlet-air temperature, 250° F 

Inlet-air temperature, 100° F 

Volume percent ether in blend with isoootane 

10 

20 

20 

Fuel-air ratio 


Imep ratio* 




0*066 

0*07 

0.086 

0.10 

0.11 

0.065 

O 

. 

O 

0.085 

0 

i—i 

. 

0 

0.11 

3 

O 

* 

O 

0 

« 

0 

0*065 

0.10 

0.11 

Methyl tert-butyl ether 

05^120 

1.06 

1.07 

1.10 

1.16 

1.16 

1.15 

1.14 

1*20 

1.34 

1.38 

1,26 

1.28 

1.36 

1.37 

1.35 

Ethyl tert-butyl ether 

G 6 h 14° 

1.14 

1.15 

1.19 

1.20 

1.21 

1.24 

1.26 

1.28 

1.37 

1.46 

1.33 

1.32 

1.31 

1.35 

1.37 

Isopropyl tert-butyl 
ether 

C 7 h 18° 

1.11 

1.11 

1.18 

1.15 

1.14 

1.19 

1.19 

1.21 

1.27 

1.50 

1.29 

1.29 

1.2? 

1.27 

1.26 

Methyl phenyl ether 
(anlsole) 

CyHgO 

1.06 

1.06 

1,07 

1.10 

1.15 

1.15 

1.10 

1.09 

1.20 

1.52 

1.28 

1.27 

1.26 

1.51 

1*34 

Ethyl phenyl ether 
(phenetole) 

C 8 H 10° 

1.18 

1.11 

1.11 

1.16 

1.18 

1.27 

1.24 

1.17 

1.31 

1.40 

1.40 

1.57 

1.33 

1.41 

1.41 

Methyl p-tolyl ether 
(£-methylaniBOle ) 

G 8 h 10 G 

1.12 

1.09 

l.ie 

1.18 

1.21 

1.20 

1.14 

1.17 

1.28 

1.38 

1.29 

1.29 

1.34 

1.42 

1.44 


a.T- , , _ knock-limited Imep of blen d 

Imep ratio =» Jcn^y^xinlted imep of Isooctane 




HACA EM E50H02 




0) 

CD 

TABLE VI - 17.6 HfGIHE KNOCK-LIMITED INDICATED MEAN EFFECTIVE PRESSURE RATIOS OF BLEEDS WITH ISOOCIANE + 4 ML 

TEL PHI GALLON 

[Compression ratio, 7.0; engine speed, 1800 rpm; coolant temperature, 812° F; spark advance, 50° B.T.C.J 

(a) Paraffins and olefins* 


Paraffins and olefins 

Formula 

Imep ratio* 

Inlet-air temperature, 260° F 

Inlet-air temperature, 100° F 

Volume percent added paraffin or olefin in blend with isooctane 

10 

20 

20 

Fuel-air ratio 

0.066 



0.10 



0.07 

0.086 

022 

0.11 



0.086 

0.10 

ESI 

- _ ... zrn 

raramna « 

2, 2, 3-Tr imethylbutane 
2, 3-Dimethylp entane 

C 7 H 16 

1.06 

1.06 

1.09 

mi 

1.10 

1.13 

.96 

1.16 

.97 

1.22 

.98 

1.23 

.96 

1.24 

.95 

1.20 

.96 

1 . 1 a 

. .97 

RSI 

1.20 

.96 

1.19 

.95 

2, 2, 3, 3-Tetramethylpentane 

2. 2. 3. 4- Te tram etbylp entane 

2. 3. 3. 4- Tetramethylpentane 
2, 4-Dimethyl -3-ethyl- 

pen time 

C 9 H 20 

1.02 

1.06 

1.03 

1.05 

1.04 

1.09 

1.09 

1.14 

i.n 

1.17 

1.19 

1.04 

1.10 

1.01 

1.18 

1.06 

1.10 

1.01 

1.31 

1.10 

1.16 

1.02 

1.34 

1.19 

1.24 

1.01 





1.29 

1.21 

1.20 

1.01 

1.29 

1.19 

1.19 

1.00 

Olefins 

2, 3-Dimethyl-2-penteoe 

c 7 B 14 



!B9 

g 


0.95 

0.96 

1.00 

1.13 

1.16 

1.14 

1.14 

1.19 


1.23 

o t j m.4. n 4-Uwi o 

^>1 \j , ^—xj'Jono^Axjx— *«— pwiuoiic 

3, 4, 4-Trlmethyl-2-pent«ne 

n tf 

^8°16 

rv m 
VS« 71 

.96 

r\ fti 
u t 71 

.96 

n nn 
V«OD 

.97 

n f\A 
V.ET'X 

1.01 

A rtr» 

V. w / 
1.06 

A 1-11 

U.OJ. 

.93 

A A1 

U.O-L 

.92 

r\ n rt 

y»vo 

.92 

A At 

U4CO 

.99 

A nn 

1.07 

n. AA 

1.10 

1 AA 

1.10 

1.00 

1.10 

1.05 

1.16 

1.09 

l.ie 


aUr 1 . 1 . _ knook~limited imep of bland with 4 ml TEL/pcal 

-Tmep ratio = fc l0e fc.iJ jB £tea Imep' of hroluTTOE 4 ml SEE/gal 
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TABLE VI - 17.0 BRG-XXB KJOCK-L DOTED IHDXOATED WEAN EFPHGTIYE PRESSURE RATIOS OF BLEEDS WITH ISOOOTAMK + 4 ML TEL 

FEE <UH»09 - Continued 

[p expression ratio, 7*0; engine speed, 1300 rpm; coolant temperature, B!8° F; spark advance, 30° B.+.G J 

(b) Aromatics. 


Aromatic 


Fomtuld 


Inlet- air temperature, 850° P 

Inlet-air t^peraturo, 100° P 

Volume percent arouatlo In bland vith isoootane 

10 

80 

BO 

Fuel-air ratio 



Imop ratio 4 




0.065 

0*07 

0.0B5 

0.10 

0.11 


0.07 

0.085 

0 

H 

« 

O 

0.11 

0.065 

0.07 

0.086 

O 

. 

*-• 

0 

0.11 

Ben sene 

G S H 0 

1.00 

1.02 

1.00 

1.08 

1.09 

0.96 

1.04 




1.11 

1*11 

1.17 

1.21 

1*23. 

Mcthylbenaeno 

C 7 H 9 

1*01 

B 


1.06 

1.10 

1.05 

mi 

i.U 

1.19 

1.86 

1.13 

am 


vm 

1.51 

Ethylbenzene 

C 0 H 1O 

1.07 

1.07 

l.oe 

1.10 

1J.3 

1.14 

1.17 

1.22 

1.31 

1.36 

1.89 

1.53 

1.36 

1.37 

1.58 

1, B- Dimethyl benzene 

.89 

.91 

.88 

.87 

.86 

.77 

.82 

.84 

.83 

.82 

.01 

,82 

.84 

.86 

.87 

1, 3 -Dimethyl benzene 


1.07 

1.00 

1.15 

1.19 

1,83 

1.12 

1.16 

1.29 

1.41 

1.46 

1.28 

1*29 

1.44 

1.48 

1.61 

1, 4- Dim ethylbenzene 


1.04 

1.08 

1.13 

1.14 

1.16 

1.06 

1.13 

1.23 

1.34 

1.41 

1.83 

1*28 

1.48 

1.47 

1.48 

n-Pr opylben sene 


1.05 

1.06 

1.09 

1.14 

1.16 

1.11 

1.15 

1.21 

1.29 


1.54 

1.38 

1.42 

1.36 

1.31 

la opropylbenz ene 
1-llethyl-S- ethylbenzene 

1*04 

1*10 

1*18 

1*16 

1,20 

1*10 

1.12 

1.19 

1*31 


1*53 

1*35 

1.36 

1.3B 

1.41 



.... 


— — 

---- 

.90 

1,00 

1.03 

1.01 

.98 

1,00 

1.00 

1.01 

1.00 

.99 

l-Ketbyl-3- ethylb an sene 
1-11 ethyl-4- ethylb ens ene 


1.05 

1.04 

1.14 

1.17 

i.eo 

1.86 

1.11 

1.38 

1.18 

1.39 

1.81 

1.46 

1.33 

1,46 

1.41 

1,42 

1.54 

1.46 

1.35 

1.52 

1.45 

1 . 4 a 

1.48 

1*47 

1.41 

1, 2, 3-Trimethylbenxene 



— - 


— - 


.83 

.87 

.90 

.89 

.91 

.87 

•68 

•90 

.93 

.94 

1, 2, 4-TrlmethylbenzQna 


.91 

.94 

.67 

.96 

.94 

.85 

.88 

*95 

• 94 

.94 

.88 

• 90 

*94 

•24 

.95 

l f 3, 5-Trimethyibenzane 


1.00 

l.OB 

1.12 

1.16 

1.17 

1.02 

1.07 

1.24 

1.40 

1.47 

1.36 

1.29 

1.49 

1,66 

1.66 

n- Butyl ben i one 

0 lflPl4 

1.01 

1.03 

1.04 

1.05 

1.06 

1.02 

1.04 

1.07 

1.10 

1.11 

1.10 

1.11 

1.12 

1.14 

1.14 

laobutylbwizeno 

1.06 

1.00 

1.09 

1.14 

1.15 

1.14 

1.15 

1.18 

1.25 

1.29 

1.20 

1.22 

1.23 

1.26 

1.24 

a eo-Butylbensene 


1.09 

1.08 

1.06 

1.14 

1.17 

1.16 

1.15 

1.80 

1.89 

1*36 

1.26 

1.20 

1.30 

1.51 

1.51 

tert-Butylbenzane 


1.12 

1.18 

1.12 

1.16 

1.16 

1.38 

1.30 

1.31 . 

1.36 

1*41 

1.37 

1.36 

1.59 

1,41 

1*42 

l-liethyl-4-laofpropyl- 

benzena 


1.06 

l.OB 

1.13 

1.17 

1.19 

1.18 

1.13 

1.32 

1.39 

1.45 

1.50 

1.38 

1.42 

1.48 

1.43 

1 , 2-Di ethylb anz on e 



— - 



— -- 

1.00 

1,03 

1.07 

1.11 

1.10 

1.11 

1.10 

1.11 

1.10 

1.08 

1, 3-Diethylbenzene 


1.0B 

1.11 

1.18 

1.22 

1.25 

1.17 

1.86 

1.33 

1.48 

1.54 

1.46 

1.47 

1.53 

1.53 

1.63 

1, 4-Die thylbonzene 



— - 


— — 


1.25 

1.27 

1.32 

1.42 

1.46 

1.40 

1.47 

1.63 ; 

1.49 

1.47 

1 , 3-Dim ethyl-5- ethyl- 
benzene 







1.17 

1.24 

1.35 

1.38 

1.38 

1,38 

1.46 

1.53 

1.46 

1.43 

1 -Methyl -3 -tart -butyl- 
benzana 

°11 H 16 






1.22 

1.24 

1.32 

1.41 

1.42 

1.36 

1.40 

1.45 

1.47 

1.46 

1-Methyl- 4- tert -butyl- 
benzene 

, 




w-tl- ■ 

1.83 

1*25 

1.32 

1.36 

1.36 

1.37 

| 

1.40 

1.44 

1.46 

1.46 

l-Methyl-3, 5-diethyl- 
benzena 


- — -- 

—— 




1.82 

1.26 



1.60 

1,47 

1.64 



1.64 

1 , 5 , 5 -Tr ie thylb ena ene 


^5 









1.51 

1.49 

1 ,58 



1.33 

*^p r^io > 

IVW.W UT/M'il 

ET*.4>£jfl 









KSr 



cn 

<o 


8'QHDSa KH VOVJI 
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TABLE VI - 17.0 EJJGHTE KNOCK-LIMITED INDICATED MEAN EFFECTIVE PRESSURE RATIOS QP BLEEPS WITH ISOOCTANE + 4 ML TEL 

PER GALLON - Concluded 

[Compression ratio, 7.0; engine speed, 1800 rpm; coolant temperature, 812° F; spark advance, 30° B.T.CJ 

(c) Ethers. 


- 

mm 

lmep ratio a 


■ 



AUJ.O 

-air t3nip£r«turSj 

OKrtO T9 
*• 




1 rw\0 T3 

XUV' X’ 


■ 




Volume percent 

ether in blend with isooctane 




Ether 


10 

20 

20 



Fuel-air ratio 



0.065 

0.07 

0.085 

0.10 

0.11 

0.066 

0.07 

0.086 

0.10 

0.11 

0.065 

0.07 

0.085 

0.10 

0,11 

Methyl tert-butyl ether 

C 5 ® 12 ° 

1.14 

1.15 

1.19 

1.21 

1.22 

1.26 

1.26 

1.32 

1.42 

1.43 

1.41 

1.43 

1.45 

1.47 

1.46 

Ethyl tert-butyl ether 

CgH 14 0 

1.15 

1.15 

1.12 

1.15 

1.15 

1.41 

1.39 

1.37 

1.57 

1.36 

1.41 

1,42 

1.40 

1.37 

1.33 

Isopropyl tert-butyl 
ether 

C 7 ® 16 0 

1.13 

1.11 

1.15 

1.15 

1.15 

1.32 

1.27 

1.24 

1.27 

1.27 

1.33 

1.35 

1.31 

1.27 

1.24 

Methyl phenyl ether 
(anisole) 

CyHpO 

1.07 

1.07 

1.07 

1.13 

1.16 

1.16 

1.14 

1.11 

1.26 

1.37 

1.34 

1.33 

1.33 

1.39 

1.40 

Ethyl phenyl ether 
(phenetole) 

C 8 H 10 ° 

1.11 

1.09 

1.15 

1.18 

1.18 

1.28 

1.25 

1.29 

1.39 

1.46 

1.44 

1.43 

1.43 

1.44 

1.45 

Methyl p-tolyl ether 
(jJ-m ethyl an is ole ) 

C 8 Hi 0 0 

1.12 

1.12 

1.16 

1.26 

1.29 

1.16 

1.17 

1.25 

1.36 

1.43 

1.43 

1.41 

1.40 

1.45 

1.48 


, knock-lim ite d lme p of blend wit h 4 ml TEL/ gal 

Lnep ratio = jmock-ljfilted lmep or Yeooctane with 4 ml TJEL/gal 



n *r m r\ 

0040 
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TABLE YU - KVOCK-L DOTTED DEDICATED MEAW EFFECTIVE PBE3S2RS RATIOS OF BLBTDS WITH IIXJCHD BASK FUEL OOiSISTIBO OF 07.5-PXHCETP-(BY 

YOUMS) IBOOCTAHE AID 12.6-FWCHIT n-KEPTMTS + 4 ML TEE, PER QAIXQH 

(a) Paraffins and olefins j 25 Toltone pore ant blends, 

[for 17.0 «glne: compression ratio, 7.0; engine speed, 1000 rptn; ooolant temperature, £15° Fj spark adTanoo, 30° B.T.C. For full-scale 
einglo-ojlinder at sibilated take-off: c expression ratio, 7.3; engine speed, 2600 rpm; inlet-air temperature, 850° P: iperk advanee. 20° 
B.T.O. ; cooling-air flow such that rear-spark-plug-bushing temperature equal* 306° F at 140 bmep and 0.10 fuJa-alr ratio. For full- 
ture 210° F~] CTllnd ° r 9nsino At Bimulatod oruisei ius conditions as for take-off except for engine speed, £000 rpmj Inlet-air tanpera- 


Tsan ratio* 


17.6 engine 


Full- bo ale a Ingle-cylinder engine 


raramne ana oierins iranwuai 


Inlet -air temperature, Inlet-air tenperatura, 
260 ® F 100 ° F 


Simulated take-off 
conditions 


Simulated cruise 
conditions 


0.066 0,07 0.066 


Fuel -air ratio 


0.11 0.066 




0.07 0.085 0.10 0.11 


2-Methylbutane 


8 t 2, 5- Trim ethyl pentane GgHjg 

2 . 5.3- Trlmethylpentane 

8. 3. 4 - Trim ethyl pentane 


2.2.5. 3- Totr am ethyl - 
pontane 

£, 8,5, 4-Te tram ethyl - 
pentane 

8. 8. 4. 4- Tetrtuaethyl- 
ptMitene 

2,3,5, 4-Tetrwnothyl- 
pontane 

2. 4- Wmethyl-3-etfayl- 
pentsne 


2. 3-DimethTl-2-Mnt<ma 


1.34 1.24 1.32 1.30 1.28 1.80 
1.03 1,03 1,06 1.04 1.08 


1.86 1.86 

1.12 1.10 


t 1 

1 1 
I 1 

1.13 

1.87 

1.88 

1.39 


1.21 1,84 1.84 


1.13 1.11 

1.04 1.06 


1.05 

1.07 

0.94 

0.94 


l.BS 1.82 1.27 1.30 1.80 


„ Olefins 


1.20 

l.Ofi 1.12 1.11 1.11 1.14 1.16, 


1.14 1.11 1.07 

1.07 ll.0sll.10 1 1.13 1.10 1.07 1.07 

1.12 1 1.10 j 1.87 1 1.26 1.19 1.13 1.06 

1.26 1.50 1.85 


1.26 1.28 1.24 

1.16 1.28 1.21 
1.17 1.18 1.14 


1.26 1.89 1.23 

.90 1.00 1.00 

1.21 1,27 1.88 



1.04 1.01 1.14 

1.06 1.01 1.06 I 1.18 


^ knock-1 lm 

»m«p ratio - vnoolc-llolted 
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TABLE 711 - raOCf-OnOTH) HTDICATSD IBM ^>R >T X T E PKEflURI RATIOS OP BLfflDS WITH HXBD BA8I FDtt COffSISTUKJ 

laOOCTARB AM) 1S.6-PBBCHT n-HKPTAIE + 4 ML TO PEK QALUH - Continued 


07*5- PJBC MIT (BT TOWffi) 


(b) Araantlca; 85 toIwBb percent blende. 

a ingilL cylinder at * Inula ted fcaV«-off i ocSpre»*lon ratio, 7^5] engine spaed, 2500 rp*i ini it^ sir teeiparalare, 860° Fj b park advance, 10° 
B.T.C.j cooling-sir flow such that rear-apark^plug-buahlng temperature eqasla 565° F st 140 bnp sod 0,10 fuel-sir ratio. For full- 
scale Dingle— cylinder engine st sltnlsted omisoi same conditions ss for taka-off except for angina speed, 2000 rpcj Inlet-sir tonparo- 
ture, 210° Fj 


laep ratio* 


17.fi angina 


Ini et -oir^tos^c rstajrs , 


Full-sosle single -ay Under engine 


Inlet -sly^ tygar stare. 


S inula tad take-off 
o and It ions 


Fuel-sir ratio 


Simulated oinlee 
conditions 


letbylbenssne 


Ethylbcnsene 
If 2-Dim* tbylberui one 
1 , S-Dimatbylbensane 
1, 4-Diifl athylbeasane 


n-Prcpj-lb*nMne 
Tb op ropy lb •mono 
l-lethyl-2-etbyl 
benient 

l-lethyl-5- ethyl 
benx«ta 

l-Bafchyl-4-ethyl 

baosene 

1, 8, 5-Trimathyl- 
beuxen* 

1 . 2 . 4-Trisathyl- 

benseoe 

1 . 3 , 5 -Tri*ethyl- 
bcniene 


CjiHig 1,40 
1.44 


1,47 

1.45 

1.40 

1.36 


1.B8 1.65 1.86 1.06 


1,5,5-friethylbaeuwn© c 12 s 19 


l Insp ratio m 
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TABLE VII - KNOCK-LIMITED INDICATED MEAN EFFECTIVE PRESSURE RATIOS OF BLENDS WITH MIXED BASE 
FUEL CONSISTING OF 87 *6- PERCENT (BY VOLUME) ISOOCTANE AND 12.5'PEICBIT n-HEPTANE + 4 ML 
TEL PER GALLON - Concluded 


(c) Ethers. 


Eompreaslon ratio, 7.0; engine speed, 1800 rpm; coolant temperature, 212° F; spark advance, 

30° B.T.Cj 




Volume 



17.6 Engine 

imep ratio®- 





percent 

ether 



Inlet-air temperature 






in 












blend 



100 





250 



Ether 

Formula 







* 





Fuel-air ratio 




0*065 

0.07 

0*085 

0.10 

0.11 

0.065 

0.07 

0.085 

0.10 

0.11 

Methyl tert-butyl ether 

C 5 H 12° 

10 

1*18 

1.17 

1.17 

1.18 

1.16 

1.14 

1.14 

1.15 

1.15 

1.13 

Ethyl tert-butyl ether 
Isopropyl tert-butyl 

°6 h 14° 


i.ii 

1.11 

1.10 

1.09 

1.06 

1.11 

1.12 

1.13 

1.13 

1.10 

1.13 

1.10 

1.13 

1.11 

ether 

C 7 H 16° 


1.11 

1.11. 

1.11 

1.10 

1.11 

1.13 

Methyl phenyl ether 












(anisole) 

Ethyl phenyl ether 

C 7 HgO 


1.18 

1.20 

1.17 

1.18 

1.18 

1.11 

1.11 

1.12 

1.15 

1.18 

1.16 

1.16 

(phenetole) 

C S H 10° 


1.17 

1.16 

1.16 

1.17 

1.17 

1.15 

1.14 

1.11 

Methyl p-tolyl ether 
(g-m ethyl an is ole ) 

CeH 10 o 


1.18 

1.15 

1.18 

1.19 

1.20 

1.15 

1.15 

1.19 

1.19 

1.20 

Methyl tert-butyl ether 

C^HigO 

25 

1.51 

1.50 

1.50 

1.53 

1.51 

1.46 

1.43 

1.49 

1.62 

1.51 

Ethyl tert-butyl ether 
Isopropyl tert-butyl 

°6 h 14° 


1.44 

1.43 

1.41 

1.36 

1.32 

1.47 

1.45 

1.38 

1.31 

1.39 

1.31 

1.39 

1.31 

ether 

C 7 H i0 O 


1.36 

1.37 

1.38 

1.35 

1.33 

1.33 

1.33 

Methyl phenyl ether ! 

(anisole) 

Ethyl phenyl ether 

0 7 H8° 


1.46 

1.48 

1.45 

1.50 

1.54 

1.31 

1.29 

1.27 

1.36 

1.37 

1.41 

1.30 

1.43 

(phenetole) 

°8 H 10° 


1.57 

1.55 

1.54 

1.55 

1.66 

1.39 

1.34 

Methyl p-tolyl ether 
(£-methylanis ole ) 

c 8 h 10° 


1.55 

1.50 

1.52 

1.59 

1.65 

1.38 

1.33 

1.37 

1.44 

1.52 

Methyl tert-butyl ether 

c 6 h 12° 

50 

2.28 

2.31 

2.56 

2.59 

2.40 

2.07 

1.84 

2.28 

2.46 

2.44 

Ethyl tert-butyl ether 

C 6 S 14° 


2.27 

2.35 

2.28 

2.14 

2.02 

1.99 

1.88 

1.76 

1.90 

2.01 

Isopropyl tert-butyl 
ether 

Methyl phenyl ether 

1 An 4 g. a! a I 

C 7 H 16° 


2.14 

2.16 

2.10 

2.00 

1.98 

2.00 

1.98 

1.88 

1.90 

1.95 


CyHgO 





2.63 

2.72 

1.71 


1.41 

1 TJA 

O fV7 

\ 8J11B OlO ) 





1. ou 

A. f* 


Ethyl phenyl ether 




i 







2.22 

(phenetole) 

c 8 h 10° 



2.80 

2.61 

2.63 

2.72 

1.77 

1.64 

1.62 

1.99 

Methyl p-tolyl ether 
(£-metkylanis ole ) 

C 8 H 10° 



2.71 

2.42 

2.74 

2.96 

1.43 

1.28 

1.24 

1.40 

1.65 



• knock-limited imep of blend with 4 ml TEL/ gal 

Imep ratio - knock-limited lmep of mixed base fuel with 4 ml TEL/gaX 



-sJ 
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TABLE VIII - 17.6 ENGINE TQIPERATTJRB SENSITIVITY OP BLENDS RELATIVE TO ISOOCTANE AND' MIXED BASE FUEL 
CONSISTING OP 87 *5 -PERCENT (BY VOLUME) ISOOCTANE AND 12.5 -PERCENT n-HEPTANE + 4 ML TEL PER GALLON 

{Compreseion ratio, 7.0; engine speed, 1800 rpm; coolant temperature, 212° F; spark advance, 30° B.T.C.] 

(a) Paraffins and oleflna. 


Paraffins and olefins 

— 

Formula 

Relative temperature sensitivity 3 

— 

20 volume percent added paraffin or olefin 
▼1th isooctane 

in blend 

25 volume percent added 
paraffin or olefin in blend 
with mixed base fuel 

Unleaded 

4 ml TEL/gal 

Fuel-air ratio 

0.065 

0.07 

L 

0.0B5 

0.10 

0.11 

— 

0.065 

0.07 



0.085 

0.10 

0.11 

0.065 

0.07 

0.085 

0.10 

0.11 

Paraffins 

2,2, 3-Trimethylbutane 

C 7 S 16 

1*05 

1.05 

1.10 

1.05 

1.00 

1 . 0 s 

1.00 

1.00 

1.00 

0.95 

1.05 

1*05 

1.00 

1.00 

1.00 

2, 3-Dtmethylpent ane 


1.00 

.95 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 




— -- 

— 

2, 2, 3,3-Te tram ethyl- 

















pentane 

C 9 H 20 

1.10 

1.05 

1.05 

0.95 

0.95 

1.05 

1.05 

1.00 

0.95 

0.95 






— 

2, 2, 3, 4 -Te tram ethyl- 

















pentane 


1.20 

1.20 

1.15 

1.05 

1.00 

1.10 

1.10 

1.10 

1.00 

.96 

1.05 

1.10 

1.05 

1.00 

1.00 

2, 3, 3, 4-Tetramethyl- 

















pentane 


1.25 

1.26 

1.16 

1.10 

1.00 

1.06 

1.05 

1.05 

.95 

.95 

1.10 

1.10 

1.06 

1.00 

1.00 

2, 4-Dim ethyl -3 -ethyl- 

















pentane 


1.05 

1.00 

1.00 

1.00 

.95 

1.00 

1.00 

1.00 

1.00 

1.00 


— 


— 

— 

Olefins 

2, 3 -Dimethyl -2- 

















pentene 

C 7 Hi 4 

1.15 

1.15 

1.15 

1.15 

1.10 

1.80 

1.20 

1.20 

1.10 

1.06 


— 


— 

— 

2, 3, 4 -Trims thy 1-2- 

















pentene 

C#16 

1.20 

1.20 

1.25 

1.20 

1.15 

1.20 

1.25 

1.30 

1.25 

1.20 

1.20 

1.20 

1.20 

1.15 

1.10 

3, 4, 4-Trimethyl -2- 

















pentene 


1.15 

1.10 

1.15 

1.20 

1.15 

1.20 

1.20 

1.20 

1.15 

1.10 

1.25 

1.20 

1.15 

1.10 

1.10 




*««*»-• - as - as; sags tgssaa ?i 
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TABLE VIII - 17.6 ENGINE TEMPERATURE SENSITIVITY OP BLENDS RELATIVE TO ISOOCTANE AMD MIXH> BASE FUEL 
CONSISTING OP 87.6 PERCENT (BY VOLUME) ISOOCTANE AND 12.6 PENCafT n-HEPTAHE + 4 ML TEL PER GALLON - 
Continued 

(compression ratio, 7.0; eng* 11 * speed, 1800 rpm; coolant temperature, 212° P; spark advance, 30° B.T.cQ 

(b) Aromatics. 


Aromatlo 

Formula 






Relative 

temperature sensitivity* 





20 volume peroent aromatic in blend with isooctane 

25 volume percent aromatic 
in blend with mixed base 
fuel 

Unleaded 

4 ml TEL/gal 

Fuel-air ratio 

0.065 

0.07 

0.086 

ny 


0.065 


0.085 


0! 



0.085 


|0 

Benzene 

C 6 H 6 

1.10 

1.06 

1.05 

1.00 

1.00 

1.10 

1.05 

1.05 

1.05 

1.05 

1.15 


1.05 

1,05 

1.00 

Methylb enzene 

■ 

1.00 

1.06 

1.05 

1.00 

1.00 

1.10 

1.10 

1.10 

1.10 

1.05 


H 


— 

— 

Ethylbenzene 

1 

1.15 

1.20 

1.20 

1.10 

1.06 

1.16 

1.15 

1.10 

1.05 

1.00 




— 

— . . 

1, 2-Dime thylben sene 


1.10 

1.10 

1.16 

1.10 

1.05 

1.05 

1.00 

1.00 

1.05 

1.06 

1.10 

1.06 

1.00 

1.00 

1.00 

1, 3 -Dime thylb enzene 

■ 

1.25 

1.20 

1.15 

1.20 

1.20 

1.16 

1.10 

1.10 

1.05 

1.06 

1.10 

1.16 

1.05 

1.00 

1.00 

1, 4 -Dim ethylbenzene 

■ ■ 

1.10 

1.16 

1.10 

1.06 

1.00 

1.16 

1.15 

1.16 

1.10 

1.06 

— 




— 

. — 

n-Propylb enzene 

c 0 h 12 

1.15 

1.15 

1.15 

1.15 

1.05 

1.20 

1.20 

1.16 

1.05 

1.00 

1.10 


1.05 


1.05 

Ts opr opylb enzene 


1.10 

1.20 

1.20 

1.10 

1.05 

1.20 

1.20 

1.16 

1.05 

1.00 






1-Me thy 1-2- ethyl- 













■ 


■ 


benzene 


1.00 

1.06 

1.05 

1.00 

1.00 

1.05 

1.00 

1,00 

1.00 

1.00 






1 -Me thy 1-3- ethyl- 












HI 

■ 

Mil 



benzene 


1.15 

H 

. 

to 

O 

1.15 

1.10 

1.06 

1.15 

1.10 

1.10 

1.00 

1.00 






l-Kethyl-4-ethyl- 

















benzene 


1.00 

1.05 

1.00 

1.05 

1.06 

1.20 

1.20 

1,20 

1.06 

1.00 

1.25 

1.20 

1.25 

1.16 

1.06 

1, 2, 3-Trimethyl- 

















b enzene 


1.05 

1.05 

1.05 

1.05 

1.05 

1.05 

1.00 

1.00 

1.05 

1.05 




• 

— - 

1, 2, 4-Trimethyl - 

















benzene 


1.10 

1.10 

1.10 

1.10 

1.06 

1.06 

1.00 

1.00 

1.00 

1.00 

1.10 

1.10 

1.05 

1.00 

1.00 

1,3, 6-Trimethyl- 

















b enzene 


1.26 

1.20 

1.20 

1.15 

1.05 

1.25 

1.20 

1.20 

1.10 

1.06 


— 


— 

— 

n-Butylb enzene 

C 10 g 14 

1.10 

1,10 

1.10 

1.10 

1.06 

1.10 

1.05 

1.06 

1.05 

1.05 

1.10 

1.10 

1.05 

1.00 

1.00 

Tsobutylb enzene 


1.15 

1.20 

1.20 

1.16 

1.10 

1.06 

1.05 

1.05 

1.00 

.©5 

1.15 

1.10 

1.10 

1.05 

1.00 

sec -Butylb enzene 


1.15 

1.15 

1.10 

1.05 

1.00 

1.10 

1.16 

1.10 

1.00 

.95 

1.06 

1.10 

1.06 

1.05 

1.00 

ler t -Butr lb en zens 


1.30 | 

1.30 

1.20 

1.25 

1.15 

1.05 

1.06 

1.05 

1.06 

1.00 

1.20 

1.25 

1.15 

1.10 

1.05 

l-Methyl-4-isopropyl- 

















b enzene 


1.20 1 

1.20 

1.20 

1.201 

1.15! 

1.15 

1.16 

1.15 

1.00 1 

1.001 

1.15 

1.16 

1.10 

1.05 

1.05 

1,2-Diethylbenzene 


1.00 1 

1.05 

1.10 

1.00 

1.001 

1.10 

1.05 

1.06 

1.00 1 

1.00 





____ 

1, 3-Dlethylb aizene 


1.20 ; 

1.20 

1.25 

1.20 ! 

1.10! 

1.25 

1.20 

1.15 

1.05 

1.00 

1.20 

1.15 

1.10 


1.05 

1, 4-Diethylbenzene 


1.20 

1.20 

1.15 

1.10 

1.00 

1.10 

1.15 

1.16 

1.05i 

1.00 


.... 




1, 3-Dime thyl-6 -ethyl- 














mm 

■H 


benzene 


1.13 

1.15 

1.16 

1.10 

1.05 

1.20 

1.20 

1.15 

1.06 

1.05 


— 


B3 

— 

l-Kethyl-3-tert- 


i 




i 






!§■ 

■ 


Hi 

■| 

butylb enzene 

C 11 H 16 

1.10 

1.15 

1.10 

1.00 

1.00 

1.10 

1.15 

1.10- 

1.06 

1.00 






l-Methyl-4-tert- 
butylb enzene 


1.16 

1.15 

1.10 

1.05 

1.00 

1.10 

1.10 

1.10 

1.05 

1.05 

1 

■ 

■ 

n 

m m 

l-Kethyl-3, 6-dlethyl- 





B 

mu 

H 


i 

benzene 


1.20 

1.20 

1.20 

1.10 

1.05 

1.20 

1.25 

1.10 

1.10 

1.00 





B 

1, 3 -6-Trie thylbenzene 

c 12 s 18 

1.25 

20 

1.26 


20 

1.25 

1.26 

1.10 

1.00 

^0| 

— 

0§| 

hb 

BH 
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TABLE VIII 


17.6 ENGINE TEMPERATURE SENSITIVITY OP BLENDS 

PERCENT 


RELATIVE TO ISOOCTANE AND 
n-HEPTANE + 4 ML TEL PER 


[Compression ratio, 7.0; engine speed, 1800 


rpra; coolant 


(c) Ethers. 




Relative temperature sensitivity a 





Ether 

in blend with ieooctane. 








percent by volume 






20 

Ether 

Formula 

Unleaded 







0.065 

0.07 

0.085 

0.10 

0.11 

0.065 

0.07 

0.085 

0.10 

0.11 

Methyl tert-butyl ether 

c 5 h 12° 

1.10 

1.10 

1.15 

1.05 

1.00 

1.10 

1.15 

1.10 

1.05 

1.00 

Ethyl tert -butyl ether 

c 6 h 14 o 

1.05 

1.05 

1.00 

1.00 

.95 

1.00 

1.00 

1.00 

1.00 

1.00 

Isopropyl tert-butyl 
ether 

c 7 h 16° 

1.10 

1.10 

1.05 

1.00 

.95 

1.00 

1.05 

1.05 

1.00 

♦ 95 

Methyl phenyl ether 
(anlsole) 

c 7 r 8 o 

1.15 

1.15 

1.15 

1.10 

1.00 

1.15 

1.15 

1.20 

1.10 

1.05 

Ethyl phenyl ether 
(phenetole) 

^io 0 

1.10 

1.10 

1.15 

1.10 

1.00 

1.15 

1.15 

1.10 

1.05 

1.00 

Methyl p-tolyl ether 
( £-ro ethy 1 an I s ol e ) 

c 8 h 10 0 

1.05 

1.15 

1.15 

1.10 

1.05 

1.25 

1.20 

1.10 

1.05 

1.05 



a Relative temperature sensitivity 


laep ratio of blend (inlet-air temperature, 100° F) 
imep ratio of blend (InTet-air temperature, 250° P) 
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MIXED BASE FUEL CONSISTING OF 87*5 PERCENT (BY VOLUME) ISOOCTANE AND 12.5 
GALLON - Concluded 

temperature, 212° F; spark advance, 30° B.T.C.] 


Relative temperature sensitivity 3 - 

Ether in blend with mixed base fuel, percent by volume 


4 ml TEL/ gal 


0.065 

o 

• 

o 

0.085 

o 

H 

• 

o 


0.065 

0.07 

0.085 

0.10 

1.05 

1.00 

1.05 

1.00 

1.00 

•95 

1.00 
• 95 

1.00 

.95 

1.05 

1.00 

1.05 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.05 

1.05 

1.05 1 

1.05 

1.05 

1.10 

1.05 

1.05 

1.00 

1.10 

1.15 

1.15 : 

1.10 

1.00 

1.00 

1.05 

1.05 

1 

1.00 

1.15 

1.15 

1.20 

1.15 

1.00 

1.00 

1.00 

1.00 

1.00 

1.10 

1.15 

1.10 

1.10 


1.10 1.25 1.10 1.05 

1.15 1.25 1.30 1.10 

1.05 1.10 1.10 1.05 

1.50 

1.70 1.70 1.36 

2.10 1.95 1.95 

































TABLE IX - 17.6 ENGINE LEAD SUSCEPTIBILITY OP BLENDS RELATIVE TO ISOOCTANE 
[Compression ratio, 7.0; engine speed, 1800 rpm; coolant temperature, 212° F; spark advance, 30° B.T.C.J 

(a) Paraffins and olefins. 




Paraffins and olefins 

Formula 


Relative lead susceptibility 


Inlet-air temperature, 260° P 


Inlet-air temperature, 
100° F 


Volume percent paraffin or olefin in b'lend with isooctane 
' 10 ~ ] 20 20 
Fuel -air ratio 

0.065| 0.07 1 0.0851 O.lolo.Xll 0.066 0.07 0.085 0.10 0.11 0.065 0.07 0.085 0.10 0.11 


2, 2, 3-Trimethylbutane 
2, 3-Dimethylpentane 

°7 h 16 

2. 2. 3. 3- Tetrawethyl- 
pentane 

2.2.3. 4- Tetrsmethyl- 
pentane 

2.3.3. 4 - Te tram ethyl - 
pentane 

2, 4-Dime thyJ.-3- ethyl- 
pentane 

c 9 h 20 


2, 5 -Dime thy 1-2- 
p an ten© 

c 7 h 14 


8, 3, 4-Trlni.thJ r l-2 
pentane 


1.00 1.05 1.1011.10 f 1.05 

'l.OO 1.00 


1.05 11.05 1.05 1.00 

5 1.05 1.10 


00 1.00 


Olefins 


0.95 10.9511.00 


CqHi 6 1.00 


_ imep ratio of blend with 4 ml TEL/^al 

Relative lead susceptibility - i^ep raflo of blend with 0 ml TEL/aal 


.00 1.00 

1.05 I 1.05 1.05 


1.00 1.00 
1.00 1.00 
.95- .95 
l.QOfl.05 

1.00 0.95 

1.05 1.05 

1.00 1.00 


J 
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TABLE IX - 17.6 EKOIHE LEAD SUSCEPTIBILITY OP ELSHPS DILATIVE TO ISOOCTAHE - Can tinned 
(Caopreaslon ratio, 7.0; angina speed, 1800 rpi; coolant ta^oratura, £18° P; apark advance, 30° B.T.O^ 

(b) Arana tioa. 


Relative load susceptibility* 


Inlet-air teapar attire, £60° p 


Inlet-air tenpermture, 100° 


Voluno percent arooatlo In bland with iaooctane 
10 £0 . 80 
Fuel -air. ratio 

0.066 0.07 o a aes|o v io|o # ii| o.oes 0.07 o.oee o.io 0.11 o.o 65 o 
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TABUS IX - 17*6 ENGINE LEAD SUSCEPTIBILITY OP BLENDS RELATIVE TO ISO OCTANE - Concluded 
[Compression ratio, 7*0; engine speed, 1800 rpm; coolant temperature, 2133° P; spark advanoe, 30° B.T.cJ] 

(c) Ethers. 



Formula 


Relative lead susceptibility* 


•air temperature, B50° F 


Volume percent ether in blend with isooctane 


Fuel-air ratio 


0*085 0*10 0.11 0.065 0.07 0*085 0.10 0.11 0.066 0. 


Methyl tert - butyl ether CgH^O 1.10' 1.05 1.10 
Ethyl tert - butyl ether CgH^O 1.00 1.00 .96 
Isopropyl tert -butyl 


1.05 1*05 1.10 1*10 1.10 1.05 1.05 1.15 1.1011.10 1.05 1.10 

.96 .95 1.15 1.10 1.05 1.00 .96 1.05 1.05 1.05 1.00 .95 


Methyl phenyl ether 
(aniaole) 

Ethyl phenyl ether 
(phenetole) 

Methyl p-tolyl ether 
( D-methylanisole } 


C 7 0 16° 1 * 00 1.P0 1.00 


C 7 H 8 0 1.00 1.00 1.00 1.00 1.00 1.06 1.05 1.00* 1.06 1.05 1.05 1.05 1.05 1.05 1.05 

CqB^qO 1.00 1.00 1.05 1.00 1.00 1.00 1.00 1.10 1.06 1.05 1.05 1.05 1.10 1.00 1.00 

CftHinO 1.00 1.05 1.05 1.05 1.05 .95 1.05 1.05 1.05 1.05 1.10 1.10 1.05 1.00 1.05 


Relative lead susceptibility * 


imep ratio of blend with 4 ml TEL/gal 
imep ratio of Mend with 0 ml TEL/gal 
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TABLE X - FULL-SCALE SINGLE- CYLINDER ENGINE KNOCK-LIMITED 
INDICATED MEAN EFFECTIVE PRESSURE RATIOS OF ETHER BLENDS 
WITH MIXED BASE FUEL CONSISTING OF 87.5-PERCENT (BY 
VOLUME) ISOOCTANE AND 12. 5 -PERCENT n-HEPTANE + 4 ML TEL 
PER GALLON “ 

[Full-scale cruise conditions; compression ratio, 7.3; 
engine speed, 1800 rpm; inlet-air temperature, 210° F; 
spark advance, 510° B.T.C.; cooling-air flow such that 
rear-spark-plug-bushing temperature equals 365° F at 
140 bmep and 0.10 fuel-air ratio] 




Imep ratio 8 - 

, Ether 

Formula 

10 volume percent ether in 
blend with mixed base fuel 

Fuel-air ratio 



0.065 

0.07 

0.085 

0.10' 

0.11 

Methyl tert-butyl ether 

CgHigO 

1.27 

1.21 

1.24 

1.25 

1.19 

Ethyl tert-butyl ether 

G 6 H 14° 

1.19 

1.16 

1.19 

1.16 

1.11 

Isopropyl tert-butyl 
ether 

c 7 h 16° 

1.17 

1.16 

1.15 

1.15 

1.14 

Methyl phenyl ether 
(anlsole) 

c 7 h 8 o 

1.11 

1.08 

1.08 

1.11 

1.11 

Ethyl phenyl ether 
(phenetole) 

C 8 H 10° 

1.13 

1.11 

1.11 

1.15 

1.12 

Methyl £-tolyl ether 
(^-methylanisole) 

C 8 h 10° 

1.20 

1.16 

1.15 

1.17 

1.19 


a Iraep ratio 


knock-limited imep of blend with 4 ml TEL/gal 
knock-1 imltedT-rnep of mixed base fuel with 4 ml T^L/gal 
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TABLE XI - DEGREE OF SEVERITY OF VARIOUS OPERATING CONDITIONS 


Engine 

Mixture 

condition 

Degree of severity 

A.S.T.M, Aviation 

Lean 

Severe 

Full-scale take-off 

Lean 

Moderate to severe 

A.S.T.M. Supercharge 

Rich 

Moderate 

Full-scale take-off 

Rich 

Moderate 

Full-scale cruise 

Lean 

Moderate 

17.6 (inlet-air temperature, 250° F) 

Lean 

Moderate 

Full-scale cruise 

Rich 

Moderate to mild 

17,6 (Inlet-air temperature, 250° F) 

Rich 

Moderate to mild 

17.6 (inlet-air temperature, 100° F) 

Lean 

Moderate to mild 

17.6 (inlet-air temperature, 100° F) 

Rich 

1 

I Mild 

i 








Performance number 
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» 

S' 

3 



(a) Engine, A.S.T.M. Aviation. 

Figure 1. - Knock- limited performance of paraffins in blend with mixed 
base fuel consisting of 87.5-percent isooctane and 12.5-percent 
n-heptane -4- 4 ml TEL per gallon. 
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(b) Engine, A.S.T.M. Supercharge . 

Figure 1. - Concluded. Knock- limited performance of paraffins in blend 
with mixed base fuel consisting of 87.5-percent isooctane and 12.5- 
percent n-heptane + 4 ml r T T FfT. per gallon. 






A.SXM. Supercharge performance number 
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Figure 2. - Relation between A.S.T.M. Superoharge and A.S.T.M. Aviation 
performance numbers of nonanes in blend with mixed base fuel consisting 
of 87.5-peroent isoootane and 12.5-percent n-heptane + 4 ml TEL per 
gallon. 
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(a) n- Alky lb enzene s ; lean conditions. 


Figure 3. - Knock- limited performance of aromatics in blend with mixed 
base fuel consisting cf 87. 5-percent isooctane and 12.5-percent 
n-heptane + 4 ml 1EL per gallon. 
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(b) 


6 

Number 


7 8 9 /0 

of carbon atoms in molecule 

C C-C c-c-c c-c-c-c 


Ob) n-Alkylbenzene s ; rich conditions. 

Figure 3. - Continued. Khock- limited performance of aromatics in blend 
with mixed base fuel consisting of 87.5-percent isooctane and 12.5- 
percent n-heptane + 4 ml TEL per gallon. 
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(o) Butyl benzene 8; letun conditions. 

Figure 3« - Continued. Kno ok -limited performance of aromatios in blend 
with mixed base fuel consisting of 8?*5- percent isoootane and 12*5- 
peroent n-heptane t 4 ml TEL per gallon* 
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6 6 6 6 


(&) Butylbenzenes; rich conditions. 

Figure 3. - Continued. Knock- limited performance of aromatics in blend 
■with mixed base fuel consisting of 87.5-percent isooctane and 12.5- 
percent n-heptane + 4 ml TEL per gallon. 
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(©) Dime thy lbenz ene s . 

Figure 3. - Continued. Knock- limited performance of aromatics in blend 
yith mired base fuel consisting of 87.5-percent isooctane and 12.5- 
percent n-heptane + 4 ml TEL per gallon. 
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Figure 3* - Continued. Knock-limited performance of aromatics in blend 
with mixed base fuel consisting of 87*5>-peroent isoootane and 12*5>- 
percent n-heptane + 4 ml TEL per gallon. 


o-Q-o 
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(g) Eiethylbenzenes. 

Figure 3* - Continued* Knock- limited performance of aromatics in blend 
■with mixed base fuel consisting of 87, 5-percent isooctane and 12.5- 
percent n- heptane + 4 ml TEL per gallon. 
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c 


(1l) Trimethylbenzenes • 

Figure 3. - Continued, Knock- limited performance of aromatics in blend 
vittL mixed base fuel consisting of 87.5-percent isooctane and 12.5- 
percent n-heptane + 4 ml TOL per gallon. 



number 


NACA EM E50H02 



(i) Aromatics; lean conditions* 

Figure 3» - Continued. Knook-limited performance of aromatics in blend with 
mixed base fuel consisting of 87*5-percent isoootane and 12.£-peroent 
n-heptane + 4 ml TEL per gallon* 
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(j) Aromatics; rich conditions* 

Figure 3* - Concluded* Knock-limited performance of aromatics in blend with 
mixed base fuel consisting of 87 * 5 -peroent iso octane and 12*5-percent 
n.-heptane f 4 ml TEL per gallon* 



Knock- limited imep ratio 
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(a) tert- Butyl alkyl ethers; lean conditions. 

Figure 4. - Knook-limited performance of ethers in blend with mixed base 
fuel consisting of 87 * 5 -peroent isoootane and 12.5-percent n-heptane + 
4 ml TEL per gallon* 


Performance number 




Knock- limited imep ratio 


1.50 


1.45 


l.40\ 


1.35 


"'-v.NACA^x' 


O A.S.T.M. Supercharge |_ 

□ 17.6 (inlet air at 7350° FJ 
0 / 7.6 (inlet air at i 00° FJ 


25-percent (by volume ) blends 
Fuel -air ratio 7 0.11 \ I ! 


(b) 

l.30\ 

c 

c-c-o-c 

I 

c 


c 

c-c-o-c-c 

I 

c 


c c 

I ( 

c-c-o-c 

I 

c 


(b) tert-Butyl alkyl ethers; rich conditions. 

e 4, - Continued* Knock-limited performance of ethers in bl 
ed base fuel consisting of 87*5-percent isooctane and 12.5-p 
eotane + 4 ml TEL per gallon* 
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(o) Phenyl alkyl ethers# 

Figure 4, - Continued# ^nook-limited performance of fcthers in blend with 
mixed base fuel consisting of 87#5-peroent isoootune and 12#5-peroent 
n-heptane + 4 ml TEL per gallon. 
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il 

C 


(e) Methallyl ethers. 

Figure 4. - Continued. Khook- limited performance of* ethers in blend with • 
mixed base fuel consisting of 87,5-peroent isooctane and 12.5-peroent 
n-heptane + 4 ml TEL per gallon. 


1348 



Performance number 






Performance number 


102 


NACA EM E50H02 


/60 


150 


140 


130 


120 


no 


100 


90 


80 


70 


60 


25-pe 

_ A Q Tt 

i 

rce 
4. 7 

1 1 l I 

nt (by volume ) bn 

\/ //no 

?/7C/ 

— 

5 







<n.\ 





' ' ' 

|c 
1 1 

KM 

f 

_c 

C 

1 











c 



c 

>c-< 










c 

-b-( 

D-C 


\ 

CA 













c . 



r-v \ 

r \ 

0-0- 

1} 

c-c- 














L/ 






















■ 

■ 

■ 

M 

Nee 

1 bo 

vse 

fue 

' 






o- 

o-o- 

IV 

■ 






o- 

-o-c 

c 

c -p-<? 

\ 

)-C 

. <f=\_ 

f 1 

' ^ 
c 







c 

1 

=c-c 

c 

■ I 

\ 

\ 

\ 

o-< 



W \ ^ 
\ 

\ 


c-c-O- 

o c c 

N. 




c= 

-CbC 


\ 

^ N 

* 

o 

-6-c 

c 

-c 

V 

\ 

h. 

c 

1 








£=\ 

-c-o 

> 

y 

y 

y 

> \ 

\ 

\ 

. V 

c 

\ 

>-6- 

c 

CF5 1 

p 

1 




c 



- 


~c 

C 

V 

\ 

\ 

. \ 


\u 



c=c 

b j 

-c-c 

>c 


J 




c-c- 

c-b 

-c-c 

i 


1 











C 

G-i 

p_ 


c 








c' c 

\ 

c~ 

"c-c 

/ 

c 



c 

J Ly 
t 

i 

( 

-v 





c 

1 

/C-J 

?-c 


> C 

1 


c=c 

-c-c 

5-C-C 

r 

>c 


: 



c 

f 

1 ■ 

i 

t 


1 


L C- 







j 

i 



1 

! 





d 'oc 
\ ' 

>-c 











! 


























E 

II 















1 

c 

■> 

* 














O-c 

i 

1 

)-C- c 
[ 

i=C 

fe) 













■1 

■ 

■ 


50 


40 


4 5 6 7 -<9 9 10 

Number of carbon atoms in molecule 


If 


(g) Ethersj leazf conditions# 
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(a) Paraffins; lean conditions. 

Figure 10. - Effect of compression, temperature on compression-air 
density for blends vith mixed base fuel consisting of 87.5-per- 
cent isooctane and 12.5-percent n-heptane 4- 4 ml TBT. per gallon. 
Compression ratio, variable; inlet-air temperature, 250° F; 
engine speed, 1800 rpm; spark advance, 30° B.T.C.; coolant 
temperature, 250° F. 
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(b) Paraffins; rich conditions. 

Figure 10. - Continued. Effect of compression temperature on com- 
pression-air density for blends vith mixed base fuel consisting 
of 87.5-peroent isoootane and 12.5-peroent n-heptane -f 4 ml tbit. 
per gallon. Compression ratio, variable; inlet-air temperature, 
250° F; engine speed, 1800 rpm; spark advance, 30° B.T.C.; 
coolant temperature, 250° F. 
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(o) Olefins; lean conditions. 

Figure 10. - Continued. Effect of compression temperature on com- 
pression-air density for "blends with mixed base fuel consisting 
of 87.5-percent isooctane and 12.5-percent n-heptane + 4 ml TEL 
per gallon. Compression ratio, variable; inlet-air temperature, 
250° F; engine speed, 1800 rpm; spark advance, 30° B.T.C.; 
coolant temperature , 250° F. 
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(4) Olefins; rich conditions. 

Figure 10. - Continued. Effect of compression temperature on com- 
pression-air density for blends with mixed base fuel consisting 
of 87.5-percent isooctane and 12.5-pero"ent n-heptane + 4 ml TEL 
per gallon. Compression ratio, variable; inlet-air temperature, 
250° IP; engine speed, 1800 rpm; spark advance, 30° B.T.C.; 
coolant temperature, 250° F. 
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(e) Aromatics; lean conditions. 

Figure 10. - Continued. Effect of compression temperature on com- 
pression-air density for blends vith. mixed base fuel consisting 
of 87.5-percent isooctane and 12.5-peroent n-beptane 4- 4 ml TEL 
per gallon. Compression ratio, variable? inlet-air temperature, 
250° Ej engine speed, 1800 rpmj spark advance, 30° B.T.C.; 
coolant temperature, 250° F. 
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(f) Aromatics; rich conditions. 

Figure 10. - Concluded. Effect of compression temperature on com- 
pression-air density for blends with mixed base fuel consisting of 
87,5-peroent isoootane and 12 . 5-percent n- heptane + 4 ml TEL per 
gallon. Compression ratio, variable; inlet-air temperature, 250° F; 
engine speed, 1800 rpan; spark advance, 30° B.T.C.; coolant temperature, 
250° F. 
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Figure 11. - Comparison of isomers having highest temperature sensitivities in blend with 
isoootane. Compression ratio, 7«0; engine speed, 1800 rpm; spark advance, 30° B.T.C.j 
ooolant temperature, 212° F, 
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Figure 12. - Lead susceptibility (4 ml HEL/gal) of blends with isooctane. 
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Figure 12. - Continued., Lead, susceptibility (4 ml 32EL/gal) of blends vith 
isoootane. Compression ratio, 7.0; engine speed, 1800 rpn; spark advance, 30° 
B.T.C.; coolant temperature, 212° F. 
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Relative lead susceptibility 

(a.) Aromatics; inlet-air temperature, 250° F. 

Figure 12. - Continued, lead susceptibility (4 ml TEL/gal) of blends with 

isoootane. Ocmpressicn ratio, 7.0; engine speed, 1800 rpm; spark advance, 30° 
B.I.C.; coolant temperature, 212° F. " 
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(e) Ethers; Inlet -air temperature, 100° F. 

Figure 12, - Continued. Lead susceptibility (4 ml TEL/gal) of blends vith 

isooctane. Compression ratio, 7.0; engine speed, 1800 rjm; spark advance, 30° 
B.T.C.; coolant temperature, 212° F. 
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(f ) Ethers; Inlet-air temperature, 250° F. 

Figure 12. - Concluded. Lead susceptibility (4 ml TEL/gal) of blends with 

isooctane. Compression ratio, 7,0; engine speed, 1800 rpm; spark advance, 30° 
B.T.C.; coolant temperature, 212° F. 
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(a) Lean conditions. 

(b) Rich conditions. 

Figure 1 3 * - Comparison of isomers having highest lead susceptibility In blends with isoootane* 
Compression ratio, 7*0* inlet-air temperature, 100° Fj engine speed, 1800 rpa; spark advanoe, 
30° B.T.C* j ooolant temperature, 212° F, 
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